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November 10,1969 

Department of Education, 
Government of the Province of Alberta, 

Room 628, Administration Building, 

Edmonton, Alberta 

Gentlemen: 

Re: School Costs Study 

It is with pleasure we submit our report covering the results of our study of 

school construction costs in the Province of Alberta. 

The study comprised an in depth analysis of the achievements of the various 

school authorities, designers and builders in the Province of Alberta for the 

period 1966 to 1968 inclusive. 

This review jndicated that successful schools were being built for costs well 

below $16.00 per square foot. 

Upon analysis and establishment of a normalized unit cost per square foot 

based on the standards we found gaining most general acceptance in the 

Province, the following costs per square foot were found to be reasonable: 
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REID, CROWTHER & PARTNERS LIMITED 

LALONDE, VALOIS, LAMARRE, VALOIS & ASSOCIES 

ee 

Elementary Schools 
Non Air Conditioned $15.05 per sq.ft. of gross floor area 

Junior High Schools 
Air Conditioned $15.25 per sq.ft. of gross floor area 

Senior High School 
Air Conditioned $15.10 per sq.ft. of gross floor area 

These costs represent the school plant construction cost only.not adjusted for 
architects and consultants fees, nor sales tax credits. When allowance is made 

for these items the gross cost is increased by approximately 25¢ per square foot. 

We wish to express our pleasure at the opportunity to serve the Department of 
Education in the study and thank the members of the Department for their 
cooperation in facilitating the progress of this study. 

Yours truly, 

REID, CROWTHER & PARTNERS LIMITED 
LALONDE, VALOIS,LAMARRE, VALOIS 

& ASSOCIES 
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DEPARTMENT OF EDUCATION 

PROVINCE OF ALBERTA 

RESEARCH PROJECT ON SCHOOL CONSTRUCT ON 

PART | _- INTRODUCTION 

PURPOSES AND SCOPE OF STUDY 

During recent years the Department of Education has experienced a 

wide variety of styles fn school design as well as a wide range of unit costs. 

It was considered desirable by a number of professional groups con- 

cerned wlth school design that an in depth review be carried out to assess the 

various practices in effect today, with a view to bringing about some rational- 

ization of these practices with the hope that a greater consistancy of design and 

costs would be achieved. 

Early in 1969, the Department of Education, in consultation with a 

number of groups expressing interest in this type of review, undertook to have a 

study carried out. Terms of reference were established In keeping with the 

varlous representations made and a study was commissioned to carry out an initial 

survey of the physical school nlant currently in use. This study was limited to a 

review of new schools recently constructed in the province. Simultaneously, 

a study was commissioned to carry out a functional review of the facilities 
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PURPOSES AND SCOPE OF STUDY (cont'd) 

currently being adopted from the potnt of view of pedagogical requirements. 

Munzel & Assoclates, Architects, were retained as consu!tant architects by the 

study group for the review of the schools. 

This report deals with the findings related to the physical plant as 

required under the terms of reference. The study was not extended to matters re- 

lating to additions and renovations. 

METHOD OF STUDY 

It was determined, in keeping with the wide variety of~ school” ]o= 

cations and functional types of schools, that as large a cross section of schools 

should be selected as practical. The schools reviewed should also be represent- 

ative of current practices and current cost history. 

It was also determined, as part of the philosophy of the study, that 

it was not the intention to establish a stereotyped schoo! but to arrive at a func- 

tional school which, in utilizing the various systems available, would allow as 

much room for originality and expression as was practical within the limits of 

reasonable cost. 

It must also be understood that level of service, aesthetics and qual ity 

of finish are all to some degree subjective decisions. Part of the analysis was 

therefore to attempt to establish the apparent net benefits various approaches 

achieved. 
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oe METHOD OF STUDY (cont'd) 

Includedin this analysis would be the apparent results of any in- 

creased expenditure on school plant versus the possible loss of quality in the 

lower cost schools. As a result of the analysis it was hoped there would be 

some cost benefit rationale established in regard to the various approaches 

assessed. These would be considered both from the point of view of physical 

plant and functional performance. 

The above fundamental parameters having been established for the 

study, forty two schools were selected in conjunction with The Department of 

Education and the Schoo! Boards for review. These schools were representative 

of both the urban and rural schools as well as providing a reasonable cross sec- 

tion of elementary, junior and senior high schools. 

The schools selected also covered the cost spectrum of schools de~ 

signed and constructed during the period selected for study. Schools were found 

to vary in cost from approximately $13.80 per square foot to $21.00 per square 

foot. The period selected for review, with the occ exception, represented 

schools construction during the years 1966, 1967 and 1968 (see Table |, Page 9). 

Cost Information was gathered for these schools in respect to archi- 

tectural, electrical, mechanical and structural elements. These cost breakdowns 

were tabulated for the schools individually and the schools were reviewed on this 

basis in conjunction with the various systems used and the apparent functional 
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METHOD OF STUDY (cont'd) 

efficiency of the schools. 

From this review it was quickly determined that the number of schools 

to be studied in more detail could be materially reduced, Insofar as a number of 

schools were basically similar. As a result, a smaller number of schools could be 

reviewed in much greater detail. The schools selected would still be representa~ 

tive of the various design philosophies used. 

ee, 4 In Depth Study of Schools 

In order to facilitate comparison between schools, each building 

studied was subdivided into a number of specific components as listed 

in Appendix “A”. 

Other items such as: 

a) Special Conditions, 

b)  |ntegrated equipment, 

c) Site improvement, 

d) Contingencies, 

which may vary considerably from one school to the other were studied 

and reported separately. 

tee 2 Construction Budgets 

Budget figures were established from the adjusted costs for each 

item. . The figures adopted represent the cost experienced in practice 
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y METHOD OF STUDY (cont'd) 

in developing a suitable school plant by the various design author~ 

ities and are adjusted to reflect the upper limit related to the norm 

school. The figures indicated for the various items making up the 

budget are interdependent and may vary with individual projects 

so long as the total remains the same. 

Sources of Information eee San OF Ahrormal.on 

To establish as accurately as possible the cost of the various 

elements of school buildings under study, the research team used three 

main sources of information. These were: 

a) Plans, specifications and construction files supplied by 

the Department of Education, 

b) Cost Information supplied by the School Boards, 

c) Cost information supplied by general contractors and sub- 

contractors. 

The Information thus obtained was supplemented, whenever nec- 

essary, by detailed cost estimates made by the research team members. 

Conclusions 

As a result of the analysis carried out and the visits of the 

school plant, it became readily evident to the study group that a num-~ 

ber of designers were successfully designing schools which were on the 
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Meee METHOD OF STUDY (cont'd) 

low side of the cost scale and at the same time proving quite satis- 

factory from the functional and aesthetic aspects as well as the 

maintenance operation, and pedagogical considerations. 

These schools had many features which were excellently con- 

celved, both from the functional design aspects and the utilization of 

materials and systems insofar as the building was concerned, 

In general it was found that these schools were compact In de- 

sign, window areas were kept to a minimum, materials were selected 

carefully and utilized well, systems were well conceived and designed, 

and layouts were efficient and functional. 

From the analysis of the schools in question a budget has been 

prepared for the construction of elementary, junior high and senior high 

schools. These budgets are based on the cost experience for the years 

1966, 1967 and 1968. 

These budgets represent a combination of the better systems and 

materials utilized in the designs, with allowance for contingencies and 

certain variances In the bidding climate as well as permitting a degree 

of flexibility in design expression. 

The resultant budget figures are: 

Elementary schools a5 705/sq0rin 
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1.2 METHOD OF STUDY (cont'd) 

Junior High Schools De. Zo /egs ihe 

Senior High Schools 15. jO/ssqnrtt: 

The above budget figures would not, of course, cover schools 

in extremely remote or isolated areas not reviewed in the study. These 

figures represent the building costs only and do not include architect's 

fees or sales tax credits. To allow for architects’ fees and sales 

tax credits add 25¢ per square foot to the above unit costs. 

Junior and Senior High Schools include an allowance for air 

conditioning. 

The study and conclusions are described in detail in the following 

text of the report. Appended to the report are the comments of the 

Human Resources Research Council. 

1.5 DEFINITION 

In this report the term square foot, unless mentioned otherwise, means 

the gross square footage of floor area of building. 

1.4 CONSULTATIONS 

During the course of the Study, meetings were organized by the Depart- 

ment of Education on behalf of the study team, with the representatives of 

various associations and committees. 

The purpose of these meetings was, to explain in detail to all those 



Pe spat, Che. F 

+a... OF ; 

slootoe, seven .<etwun. te , Ton bivuew 2ewpl} tephud eveds. ent 

ses! seh eit ni caweiyet ton sees betetoel 10 Stoney ylomette® WT am 

# tant i cco. ehirledl- tom ob dae ying eteoa paibiiud sit ‘taeeshger eae 

-eplee boe aaer ‘etoetliore tot wig of .etibers xst 20162°%0 sont — 2 

_abees tiew svede eft of toot eveupe wq DER bbe 2T)be73 HEF 

"is 40? eonésvol!s -_ @bulon! viootse dpi solos? ons sont 

-pninol Fi bnes 

ativoliot_ait ni tinted nl ediqeeb e16 enol2dionas one ybute eT 

eit to etewmeo aft eve Faoges sdf of DebneqaA .t10qe7 eft %o TxeF 

.llonvod dowse2e! eso voeeh-nenull 

OLT ids 

ance ,o6!woadto banoltnss eaginu , toot sugupe mst ent tr0get 2intt nl 

sonibilue to sei t0olf to epstoot eiiupe eeo1g SAF 

ev0 | TAT IUCHOR 

<f4qageG edt yi betimapro sc wew apelteem ,~ybeTe edt to ez wo ort priwd he 

to eoyl feTosestgen ett itiw meet youta aft to bleed no nolteoubd toa trea a 
’ 

i 

sane tiane toa. 2n0ltslhooees 2H01 78H, 

* aeort Ne of Vestas af iit ead cans zon! teen eee? to e2ejqwq sAiT 



CONSULTATIONS 

connected with school construction the scope and objectives of the Study, 

to obtain cooperation and to gather information, comments and recommendations 

releyven’ to the Scope of the Study. 

The various associations and committees who participated in such 

meetings are the following: 

i) Advisory Committee on School Buildings, 

ii) Educational Facilities Council, 

iii) Alberta Association of Architects, 

iv) Association of Professional Engineers of Alberta, 

v) Alberta Construction Association. 
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TLA B Lokees 

LIST OF SCHOOLS 

size of School | Date of Tender CosTysq.Ft, 

40,000 (2) February |966 16,00 (3) 

44,000 February 1967 19,4] 

32,000 September |967 13,238 

53,000 September |°67 15.80 

42,000 Joveinber |967 [3.65 

32,000 August 1968 13.76 

20, 000 June 1967 14,92 

20,000 November |°67 16.52 

42,900 November 1967 16,04 

30,000 December |967 13,52 

45,000 January 1968 18.64 

20,000 April [968 15.76 

25,0900 September 1967 16.09 

30,000 February 1967 17.82 

35,000 April 1967 VAs 

30,900 June 1968 16.37 

25,000 March 1967 [8.77 

ee December 1968 Pay Fs 

o 

‘ 
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TABLE | (continued) 

Size of School] Date of Tender Cost/Sq. FT, 

25,000 September 1965 20.79 

25,000 March 1969 16.00 

75,000 October |967 [3.38 

70,000 November {967 3.45 

60,000 October 1966 [7,87 

40,000 September 1967 PG.05 

60 , 000 October |967 16.69 

50,000 May 1967 16.98 

75,000 October 1966 [6.51 

55,000 October 1966 19.06 

40,000 January |967 Wi: 

40,000 March 1968 14.85 

50,000 April 1968 18.26 

40,000 January 1966 pe 

40,000 Auguat 1966 18.02 

200,000 Aprift 1965 lo.1? 

270,000 June 1968 [6.29 

290,000 March 1966 (8.51: 
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TABLE | (continued) 

Case No. 21ze of School Date of Tender 

200,000 October 1967 

200,000 April 1969 

75,000 February 1967 

55,000 November 1967 

45,000 November |967 

85,000 January 1967 

(1) The letter after the number means: 

E: Elementary Schoo! 

J: Junior High School 

S$: Senior High Schoo! 

of gross floor area. 

sales tax and costs of site development. 

20,95 

as 

[9.69 

NN St tm end 

CostySd. ft, 

(2) The size of the school is given in approximate number of square feet 

(3) The cost is given per square foot of gross floor area and Includes the 

architect's fees and integrated equipment and excludes the federal] 
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PART 11S ANALYSIS OF CASE HISTORIES 

This section summarizes the results of the analysis of the schools selected. These 

results are tabulated and reviewed in accordance with the major subtrades. All unit 

ices given in this section, unless mentioned otherwise, are in terms of gross square feet 

of floor area. 

ARCHITECTURAL 

i a Selection of Schools 

For the in depth study of the architectural components of school 

buildings, IO were chosen as most representative of all the schools sub- 

mitted for study. Six were elementary schools varying in size from 

20,000 square feet to 42,000 square feet, two were junior high schools 

of 40,000 square feet and 70,000 square feet and 2 were senior high 

schools of 75,000 square feet and 270,000 square feet. 

Seven elementary and junior high schools were one story buildinas 

and one had two stories. One senior high school had one story and the 

other had two stories. 

‘ee Wt Norm School 

After studying the plans and specifications of all of the schools 

submitted and after visiting the majority of them, the study group arrived 

at some basic standards that seemed to have been adopted by most School 

IZ. 
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ARCHITECTURAL - Norm School (con't) 

Boards and were found to perform satisfactorily. These standards can be 

summarized as follows: 

Roof ina 

-4 ply B.U.R. conforming to the Alberta Roofing Contractors 

Association Ltd. specifications. 

- U factor including all components of the roof equal to 0.15 

BTU/hr/sq. ft. 

Exterior Walls 

U factor of walls except for window area: 0.12 BTU/hr/sq. ft. 

- Maximum infiltration through walls: 0.1 cu ft/hr/sa/ft/ 

Exterior surface: clay brick veneer, stucco or concrete blocks. 

windows restricted 10% to 20% of wall area. 

- Double glazed and/or double sash windows with thermo break 

(63=GP-2) 

Interior Partitions 

Min: 45 decibels sound absorption rating 

- Gypsum board on steel studs or, 

6" concrete blocks non bearing or, 

8'° concrete blocks bearina walls. 
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ARCHITECTURAL - Norm School (cont'd) 

-Folding partions where need dictated by teaching 

requirements. 

- Solid core wooden doors. 

-Metal door frames 

- Epoxy or ceramic tiles on washroom walls. 

- Steel toilet partitions. 

2.1.2.4. Ceilinas 

- Gypsum board or acoustic tiles on metal suspension or spray 

applied directly on structural slabs in academic, administra- 

tion and other similar areas. 

~ Exposed structural members painted in shop areas and gymna- 

siums. 

_- Exposed painted structural members in mechanical rooms, 

janitor closets, etc. 

2eleaeds Eloorine 

- Vinyl asbestos tile 1/8" x 12" x 12" (Academic, Administration 

cafeteria areas and corridors). 

- Carpeting (Library and academic areas in group teaching 

schools). 

- Hardwood 25/32" T & G maple on sleepers and rubber cushions 

(Gymnasium). 
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ARCHITECTURAL - Norm School (cont'd) 

- ceramic tile or seamless plastic covering (sanitary areas) 

- Exposed concrete treated with cement hardener (shop, mech- 

anical room, storaqe areas, etc.). 

2 A276 aRaint bia 

- Woodwork: 

Natural finish | coat primer 

2 coats of urethane 

Paint finish | coat .of,.primer 

2 coats of enamel 

Rouah sawn finish | coat of resin 

base stain 

~ Concrete blocks | coat of primer 

2 coats of alkyd enamel 

' - Plaster surfaces 

Walls | coat primer 

2 coats of alkyd enamel 

Ceilinas | coat primer 

2 coats of latex vaint or 

alkyd ename] 

- Conrete floors | coat of floor urethane 

ename | 

- Wood floors | coat of primer 

3 coats of urethane varnish 
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ARCHITECTURAL (cont'd) 

ao! [2 Unit Costs 

In order to establish a budget for the architectural components of 

a school building, we have analyzed each item as listed in Appendix 

"A" to arrive at a unit cost per square foot. 

oleate | 

2a lgoud 

Roofing 

The unit costs of roofing varied little for schools of com- 

parable sizes. The unit prices have shown a definite tendency 

to decrease as the size of the building increases. For roofina 

of the standards as outlined in section 2.1.2.1, we have arrived 

at the following unit prices per square foot of qross floor area. 

$.50 for elementary and junior high schools, one story and 

less than 50,000 square feet. 

$0.35 for elementary and junior high schools, two story and 

less than 50,000 square feet. 

$0.45 for junior high schools, one story and more than 50,000 

square feet. 

$0.35 for senior high schools, two story and more than 150,000 

square feet. 

Exterior Walls 

The total cost of exterior walls is influenced by two main 

factors: 
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ARCHITECTURAL-Unit Costs (cont'd) 

a) the composition of the walls, 

b) the ratio of exterior walls to floor area. 

A wall made according to the norms outlined in section 

2.1.2.2 can be built for $3.15 per square foot of wall including 

windows and doors. In the analysis, it was found that the ratio 

of exterior wall area to the gross floor area varied from 30 to 

60% depending on the type of school. 

The unit costs based on the average ratios of the area of 

wall to the area of floor for the different tynes are as follows: 

$1.25 for elementary and junior high schools, one story and 

smaller than 50,000 square feet, using a ratio of 

40% (3.15 x 0.40 =$1.25). 

$1.42 for elementary and junior high schools, two story and 

smaller than 50,000 square feet, using a ratio of 45% 

(3.15 * 0.45 = 31.42) 

$1.10 for junior and senior high schools, one story and between 

50,000 and 150,000 square feet, using a ratio of 35% 

(152s Oso oS Aly ip) 

$0.90 for senior high schools, two story and more, and greater 

than 150,000 square feet using a ratio of 30% (3.15 x 

0.30 = $0.90). 
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ARCHITECTURAL- Unit Costs (cont'd) 

gilvocs Interior Partitions 

The cost of interior partitions is influenced by the factors 

similar to that of exterior walls. These factors beina: 

a) the composition of the partitions, 

b) the ratio of partition area to the floor area. 

For partitions constructed as per the standards of Section 

2.1.2.3, the unit cost was found to vary from $0.95 to $1.20 

per square foot of partition. This price takes into account the 

use of load bearing walls when applicable, corrected to appor- 

tion part of its cost to the structure (50%) and also some mobile 

partitions, etc. To allow for maximum flexibility in design we 

have adopted the sum of $1.20 as the unit budget price. 

The ratio of interior partition area to gross floor area was 

found to vary from 96% to 109% depending on the type of 

schools. These percentages have been adjusted for schools where 

some partitions have been eliminated because of the group teach- 

ing methods adopted. In those cases we have added the missing 

partitions to arrive at the percentaae. 

We have therefore fixed the budget unit costs per square 

foot for this item as follows: 
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ARCHITECTURAL - Unit Costs (cont'd) 

pio0 fé6r elementary and junior high schools below: 50 ,000 

Square feet using a ratio of 109% (1.20 x 1.09 

=S1 750) 

$1.20 for junior and senior high schools, between 50,000 

and 150,000 square feet, using a ratio of 100% 

Cie eel S00 es] 90), 

aivi> for senior high school above 150,000 square feet using 

avratlo of 96% (1,20 * 0.96-=°$) 15), 

2.1.3.4 Ceilinas 

The ratio of finished ceiling area to aross floor area was 

found to vary from 60% to 95% of gross floor area. 

The higher ratio applies to the elementary schools while 

the lower ratio is for senior high schools. This variation is due 

to the different tynes of rooms found in the various schools as 

outlined in Section 2.1.2.4. 

As for partitions, it was found that the unit cost of fin- 

ished ceilina varied slightly with the quantity. Even ina 

number of schools where untreated structural slabs were used 

and where normally finished ceiling is installed, the budaet 

‘was based on the assumption that all these rooms have suspended 
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ARCHITECTURAL - Unit Costs (cont'd) 

a lvaes 

Gypsum board or acoustic tile cellihes. 

The budaet then becomes: 

$0.50 for elementary and junior high schools below 50,000 

Square feet. 

$0.45 for junior and senior hiah schools between 50,000 and 

150,000 square feet. 

$0.35 for senior high schools above 159,999 Square feet. 

Floorina 

The main factor affecting the unit cost of flooring is the 

proportion of the various aualities of floor covering utilized, 

and to a lesser deqree, the quantity used. 

For the schools without vocational shops the proportion 

of the different qualities of floor covering are generally as 

fol lows: 

- 50 to 60% vinyl asbestos tiles 

- 20 to 30% carpet 

- 19% hardwood 

-190% ceramic tiles, quarry tiles, seamless or exposed 

concrete. 

In schools with vocational shons the percentage of less 

20. 
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ARCHITECTURAL ~ Unit Costs (cont'd) 

expensive floor covering increases. 

Since all the schools studied had generally satisfactory 

floor covering, we have established the following budgets by 

taking the average cost of the schools studied. The average 

unit costs ranged from $0.40 to $0.89 per square foot. Depen- 

ding on the proportion of carpeted areas, the cost per square 

foot of gross floor area will, of course, vary considerably. The 

following budqet figures reflect a reasonable allowance to pro- 

vide the ratios of the various floor covering generally experienced: 

$0.70 for elementary schools 

$0.65 for junior high schools 

$0.55 for senior high schools 

Painting 

Except in certain architectural designs where walls and 

partitions are made of exposed cast-in-place concrete or blocks, 

most of the walls and partitions were painted. The cost of paint- 

ing varied little and the observed average unit cost was $0.30 

per square foot. This fiqure has been adopted for the budget. Con- 

sideration should be given to utilization of plastic wall coatings ~ 

in view of their very slight increase in unit cost and the rela- 

tively lower maintenance cost. 

2.1.3.7 Hardware 

The observed average unit cost for supply of hardware was 

ZAR 
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2.1 ARCHITECTURAL-Unit Costs (cont'd) 

$0.25 per square foot for elementary and junior high schools 

and $0.20 per square foot for senior high schools. 

2.1.4 Summary of Unit Costs 

A summary of the unit costs established in section 2.1.3 gives the 

detailed budgets as shown in Table 2. 

TABLE. 2 

ARCHITECTURAL COSTS 

Elementary & Junior & Senior Senior 15,000 

Junior up to 20,000, to 150; 000usqeefigtand up 
DU 000" Say “TT. sa. (ft. 2 stories or 
| story | story more 

UNIT PRICE/SQ. FIT. OF GROSS “AREA 

|. Roofing $0.50 $0.45 $0.35 

2. Exterior walls Peas, 1.10 .90 

3. Interior partitions bie 1.20 Nigel 

4. Ceilings 0.50 0.45 0.39 

5. Floorings 0.70 0.65 0.55 

6. Painting 0.30 Qjao0 30 

7. Hardware 0.25 OnZ) 0.20 

Ce a ee Mie eer es 

TOTAL $4.80 $4.40 $3.80 

nT 
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2.1 ARCHITECTURAL (cont'd) 

2.1.5 Comments and Recommendations 

This part of the report has dealt with the cost aspect of the 

architectural elements of the school plant. For each element a cost 

was established based on the norm school in order to arrive at an over- 

all budget figure. These cost figures, as mentioned previously, repres- 

ent costing experience in schools constructed in the province during 

the study period. 

However, it is fully realized that different design concepts 

equally as valuable or better would require a different distribution of 

the cost elements. This budget is not meant to curtail the creative 

work of the designer but rather to indicate a gross budget level the 

designer can maintain. 

In Part Ill, the influence of the architectural and engineering 

details and materials are discussed with their bearing on the overall cost 

of the schools together with outside cost influencing factors. In this 

section the architectural concept aspect will be discussed in broader 

terms. The study of plans and specifications, the visits of the schools, 

+he comments from the administrative and teaching statf and the observa- 

tions and comments contained in the report from the research team of the 

Human Resources Research Council (see Appendix "B") point out 
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ARCH|ITECTURAL-Comments and Recommendations (cont'd) 

practices to be recommended as well as some to be avoided. 

2.1.2.) Phayour, 

The layout of a school is of prime importance both from 

the standpoint of teaching and administration as well as of cost. 

The Human Resources Research Council report has also 

commented on this respect in Page 9 under the heading "Spacial 

Pattern": "The philosophy of comprehensive secondary educa- 

tion implies broad programs and large enrolments to justify them. 

As pupil enrolments rise to the two thousand figure two major 

problems develop: those of identity and integration. There is 

the ever-present danger in large schools that individual pupils 

and teachers, and even classes and departments may lose their 

identity. At the same time there is the problem of integrating 

the varied activities, courses and programs in such a way as to 

produce a unified whole which can be called a secondary school. 

School design can help to alleviate these problems if spacial 

planning takes them into consideration". 

This statement indicates clearly the need for the establish- 

ment of guide lines for the planning of schools where the relation- 

ship of the various sectors would be indicated. It was found 

24. 
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2,1 ARCHITECTURAL-Comments and Recommendations (cont'd) 

that the more compact a school is, normally, the easier it is for 

its pedagogical administration. Also it was found that compact- 

ness offers considerable advantage insofar as it reduces both the 

cost of construction and of operation. 

Some of the main initial cost advantages of compactness 

are the following: 

-It reduces the proportion of exterior walls in relation to the 

floor area. It was found, for instance, that some schools had twice 

as much exterior walls as others in proportion of their floor area 

(30% in some cases to 60% in others), increasing the cost without 

adding any convenience to the schools. 

-With the reduction of exterior walls goes an equal reduction of 

foundation wall, footings, piling, excavation, etc. 

-The structural system is simplified. 

-The mechanical system costs are considerably reduced, so much 

so, that often air conditioning can be included at no extra cost 

in comparison to installations in rambling school buildings. 

-The plumbing instal lation cost is generally appreciably reduced 

because of shorter drainage, water supply and return lines. 

25: 
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ARCHITECTURAL-Comments and Recommendations (cont'd) 

-The electrical distribution systems are shorter. 

It should also be noted that compactness should be utilized 

on both the horizontal and vertical plans. 

In larger schools the administrators generally preferred a 

multi-story building rather than the one floor plan. It offers the 

appreciated advantage of shorter communication distance. The 

Human Resources Research Council Report recommends that such 

schools be equipped with small elevators to facilitate the trans- 

portation of supplies from floor to floor and also serve for the 

handicapped students or staff. 

The construction savings in multi-story buildings were not 

found to stem from savings of exterior walls or structural elements 

but rather in items such as roofing, heating, ventilation and 

electrical installations. Another advantage which should not be 

overlooked in the case of a multi-story building is the more effic- 

ient use of land. 

Though multi-story buildings are practical for larger schools 

it was found that unnecessary elevation changes on the same floor 

caused extra expenses and proved to be a handicap for the good 

26. 
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2.1 ARCHITECTURAL-Comments and Recommendations (cont'd) 

operation of a school. 

The Human Resources Research Council Report states in 

Page 4(Appendix "B"): "....such split levels create prob- 

lems not only in the flow of pupils but also in the movement 

of equipment from one part of the school to another". 

From the operational point of view a compact building 

offers the advantage of less heat losses during the heating 

season and smaller cooling loads in warm weather. 

Attention should be given while planning a school to: 

-the easy accessibility from the outside to points where 

delivery of goods is needed, 

-the possibility of future extension, 

-the utilization of school buildings by the general public 

as advised in the Human Resources Research Council Report. 

A comment frequently heard from school administrators is 

that entrance vestibules are often too small and that the practice 

of having a set of doors at each end of the vestibules only creates 

a bottleneck without helping to break the cold draft in winter, 

since normally both sets of doors are open at the same time when 

chitdren enter or leave the school. 

Pilicn 
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ARCH|TECTURAL-Comments and Recommendations (cont'd) 

Comments were also voiced regarding a general inadequacy 

of storage space. 

These remarks and observations concerning the layout and 

planning of facilities contained in this report and that of the 

Human Resources Research Council Report lead to the conclusion 

that there would be a great deal of advantage in complementing the 

list of the space allocations in schools as per the Regulations 

Pursuant to the School Buildings Act, Alberta Regulations No. 199/ 

68 to cover a larger number of the rooms and spaces required in 

different types of schools. This would apply mainly to the non- 

instructional areas. It would eliminate many established defects 

that plague some of the schools and would be an effective way to 

promote a more efficient use of the floor space. It is, therefore, 

recommended this situation receive some further attention. 

Aesthetics 

The study group did not observe any price range where 

schools were more aesthetically pleasing than another. The Report 

of the Human Resources Research Council mentions in Page 2, 

"Schools at the high and low ends of the cost scale were paired 

28 
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1 ARCHITECTURAL-Comments and Recommendations (cont'd) 

for comparative purposes. An attempt was made to arrive at 

some subjective estimate of the significance of cost in terms of 

the functionality of the school plant. In general, it may be 

stated that cost did not appear to be the most significant factor. 

In some instances the more aesthetically pleasing buildings were 

ae higher in cost than those with lesser aesthetic appeal. 

In other instances, higher cost interior finishes were actual ly 

disfunctional in terms of the needs of students and teachers". 

Further on Page 3 the same report comments on the sub ject 

of aesthetics in elementary schools: "Given that one of the 

educational objectives of the elementary school is to develop the 

aesthestic capacities of the students, some attention must be paid 

to the aesthetic qualities of the environment within which their 

learning takes place. What is considered as aesthetic from an 

architectural point of view, and what is aesthetic from the 

standpoint of an elementary pupil, however, may not be necess- 

arily one and the same thing. For example, a textured concrete 

wall may be considered aesthetic by an architect, whereas a 

wall covered with the children's own creative work may be con- 

sidered much more aesthetic from an education point of view. 

296 
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ARCHITECTURAL-Comments and Recommendations (cont'd) 

elses 

Interior finishes which provide suitable backgrounds for well 

planned displays of the children's work would appear to be more 

aesthetically desirable in elementary schools than textured con- 

crete or brick and stone finishes which do not permit such displays. 

The criteria for determining the aesthetic features of 

elementary schools should include, (i) the quality of their appeal 

to children of elementary age, (ii) the extent to which they con- 

tribute to a stimulating learning environment". 

The practices to be avoided or those to be incorporated 

in schools as per the report of the research group of the Human 

Resources Research Council, either reduces the cost of construc- 

tion in the first instance or does not add to any significant degree 

the cost in the second instance. 

The pleasant and warm atmosphere in a school, in most 

cases does not require extra expenditure of money. It was found 

that the color scheme, the pattern given to concrete blocks and 

many other such details will do a great deal toward the creation 

of a pleasant environment. 

Miscellaneous Items 

The following is a list of items which is by no means 

30. 
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2.1 ARCHITECTURAL-Comments and Recommendations (cont'd) 

exhaustive but points out some of the details observed and 

found to be worth of mention. 

Interior Walls 

When concrete blocks are used, it is recommended that a 

modular design be used as to avoid their cutting. This practice 

would reduce both the cost of labour and materials and improve 

the appearance of the walls. 

If the partitions are constructed of metal studs and gypsum 

board, it is recommended that in elementary schools one wall be 

vinyl coated so as to serve from floor to ceiling as a tack board. 

Folding doors and movable walls are costly and delicate 

pieces of equipment requiring fine adjustment. Their utility 

though appreciated in certain schools was questionable in others. 

it is recommended that they be used with caution. 

Ceilings 

Plaster suspended ceilings were found to be easily damaged 

when within easy reach and not easily repaired properly. In 

certain areas it also restricts accessibility to mechanical eq- 

uipment and electrical installations located in this ceiling space. 

aA s 
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.| ARCHITECTURAL-Comments and Recommendations (cont'd) 

In gymnasiums suspended ceilings did not prove success- 

ful. They did not correct acoustic problems and were subject 

to damage by sport equipment. 

Floors 
Seamless floor covering has in some cases produced unsat- 

isfactory results especially in the cases where it was applied to 

slabs on grade. Penetration of moisture and alkali caused sca- 

ling and discoloration. Also physical education teachers have 

raised objections to the use of parquet flooring applied directly 

to concrete slabs in gymnasiums. I+ lacks the resilience needed for 

such use. 

For stages, soft wood flooring should be used. 

Roof ing 

A large percentage of the schools visited experience leaky 

roofs. The standards recommended by the Alberta Roofers Assoc- 

jation should be adhered to strictly in order to avoid this pro- 

blem. Care should be taken to slope roofs to obtain positive 

drainage. For many of the schools visited such was not the case. 

Entrances 

The visits of the schools have revealed that glass entrance 

doors and side lights were a source of high maintenance because 

2s 
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2.1 ARCHITECTURAL-Comments and Recommendations (cont'd) 

of frequent breakage of glass due to accidents or vandalism. 

In some cases the glass had been replaced with plywood panels. 

Skydomes 

Skydomes in most instances presented problems of conden- 

sation and did not seem to replace artificial lighting. In view 

of the costs connected with this type of installation, we 

recommend that their use be avoided. 

Windows 

The absence of windows or a minimum area thereof brought 

no unfavourable comments from the users of the schools. It 

seems to offer many advantages such as comfort because of the 

reduction in solar gains, and therefore saving in the mechanical 

installation, a more uniform lighting intensity, reauction in 

maintenance of windows, drapes or blinds, reduction in the 

overall cost of exterior walls. 

Acoustics 

Many school principals were unhappy about the acoustics 

of certain rooms and of the gymnasiums in particular. This 

problem could be the subject of further study. 

Don 



7s ae > = 

cb romngos_ bie etnemned- 
— 

1 ate 
i a iinstine 0 

ot eub 2onlp to epgtaeid ‘Theupent to” 

1 need bef 2agle eeauo omoa ni 

. 

taom Ay 



ARCH|TECTURAL-Comments and Recommendations (cont'd) 

Color Scheme and Painting 

Because of its influence on the level of intensity of |ight- 

ing, it is recommended that attention be paid to selection of 

light colors for ceilings and floors and for most walls. 

It is also recommended that the use of latex paint be 

avoided in all areas used by the students because of the difficul- 

ty in cleaning such surfaces. 

Humidification 

Most mechanical installations in new schools included 

humidification systems which are not found in older schools. 

Because of the severe winter conditions found in most parts 

of the province, the humidification capacity of new building 

systems presents a potential danger of damage due to condensa- 

tion. Special attention should be paid by designers to eliminate 

all possible thermal bridges in their detailing, and ensure the 

installation of sufficient insulation and vapor barrier materials 

to all surfaces exposed to the cold elements. 

General 

The above partial list of details for which comments were 

received from school users or observed by the study group points 

34. 
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Bl ARCH|ITECTURAL-Comments and Recommendations (cont'd) 

out the fact that school plants are specialized buildings with 

specific needs which are not necessarily applicable to other 

types of buildings. Most practices recommended above would 

improve school buildings. It was noted that if the items or prac- 

tices recommended above are not included at the time of design 

of the school plant, it often becomes impossible to incorporate 

them in the building after it is built. 

There would, therefore, be much advantage in reviewing 

and complementing the present Alberta School Construction 

Handbook with a view to updating the handbook and redefining 

the basic standards currently in use. It is recommended that these 

guidelines should not restrict further development of new concepts 

and construction methods which are continually improving the 

quality and performance of buildings. AT the same time deviation 

from the basic standards established should not occur without a 

sound basic reason for change. 
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2 STRUCTURAL 

Paz «| 

Paced 

“i eae 

Selection of Schools 

Due to the interdependence of the two disciplines, the schools 

chosen for the structural in-depth study were the same as those for the 

architectural study. Two special cases were studied where the structural 

costs represented a higher than normal percentage of the total cost of 

the building. 

Division of Elements 

For each school studied, the analysis was divided into two main 

parts, the foundations and the superstructure. The foundations included 

the building excavation and backfill, strip and isolated footings, founda- 

tion walls and pedestals, waterproofing, slabs on grade and special foun- 

dation conditions. Special foundation conditions included piling, and 

extending foundations to a bearing stratum below frost deoth. The super- 

structure included all concrete cast above grade, precast concrete, precast 

architectural concrete used structurally, load bearing masonry, all struc- 

tural steel, sawn timber, glued laminated timber and hybrid wood-steel 

trusses. 

Design Criteria 

The National Building Code of Canada (1965) has been the basis 

of the design and specification requirements for the schools analysed. 

2D. 
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2.2. STRUCTURAL (cont'd) 

2.2.4 Norm School 

The structures for elementary and junior high schools were similar in 

all examples studied. They were generally single story slab on grade 

buildings, while the high schools were multi-story concrete structures. 

The following standards represent the average structure based on good de- 

sign practice as represented in the schools analysed. 

2.2.4.1 Foundations 

Generally the foundations for elementary, junior and senior 

high schools were limited to two types: 

a) foundation walls with strip footings and isolated footings 

down to frost free depths, 

b) pile foundations with grade beams with maximum pile length 

in the order of 25 feet. Overall foundation costs using uncased 

cast-in-place drilled piles to this depth with shallow grade 

beams were comparable with the normal foundations as described 

in (a) above. 

2.2.4.2 Superstructure 

For single story, elementary and junior high schools the 

superstructure comprised load bearing masonry walls with steel 

joists, hybrid wood-steel trusses, and glued laminated beams 

oh | 
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2.2 STRUCTURAL-Norm School (cont'd) 

spanning the range from 28 to 32 feet. Decking consisted of 

plywood, tongue and groove planking, or light gauge stee li. 

In open areas beams and columns replaced the load bearing 

masonry. Similar roof structures were used in gymnasiums, how- 

ever, precast concrete appeared competitive in this span range. 

Structures not relying on load bearing masonry, where such 

masonry walls formed the permanent outline of the building, 

reflected a higher overall cost for the building. In the 28 to 

32 foot span range, precast concrete was not competitive. 

There were insufficient multi-story elementary and junior 

high schools for comparative cost study, however, when com- 

paring these schools to the single story structures a reduction 

in the unit foundation cost offset the increase in the cost of the 

superstructure. 

For senior high schools, the superstructure was generally 

multi-story cast-in-place reinforced concrete. The school app- 

eared to have a slightly higher unit cost due to the inherent 

functional design. 

Generally the ground floor for all schools was a slab on grade 

(no crawl space or basement). 

oe. 
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m2 STRUCTURAL (Cont'd) 

mee.> Unit Costs 

A summary of the cost analysis for the schools selected for the 

in depth study is given in Table 4. (p. I11) 

The range of cost for elementary, junior and senior high school 

structures fell approximately within the same limits. 

The average actual cost per square foot in Column 13, Table 4 

(p.111) is $3.25 and the average adjusted cost per square foot in Column 14, 

Table 4 is $3.05. 

The adjusted cost was arrived at by comparing the as built 

school with the norm school. Sayings were realized by adjusting special 

condition foundations, eliminating long span structures where intermediate 

supports could be accommodated, and substituting slab on grade for crawl 

spaces where acceptable. 

The cost of the structure for cases IIE and 35 are high 

compared with the average. These high costs are due mainly to a comp | ex 

structural system to satisfy intricate functional layouts. If these two 

cases are eliminated from the list, the average cost of the remaining 

schools is $2.88 per square foot of gross area. On this basis, we 

established the budget unit cost at $2.90 per square foot detailed 

as follows: 

33). 
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2 STRUCTURAL-Unit Costs (cont'd) 

Single Story Building 

(i) Foundations $1.40 

(li) Superstructure Rade 

Total $2.90 

Multi-Story Building 

(i) Foundations $1.00 

(ii) Superstructure hous’, 

Total $2.90 

The foundation cost includes either the typical spread footing on 

competent bearing strata at frost free depths or cast-in-place encased 

drilled piling with grade beams. 

School Visits 

School visits consisted of a general inspection of existing 

conditions in the schools included in the Study. Thirty five schools 

located in various parts of the province were visited. 

Generally, the structures were satisfactory for the purposes for 

which they were designed. The following deficiences were observed 

during the visits: 

2.2.6.1 Masonry Walls 

a) unsightly cracking caused by differential settlements, 

40. 
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2.2 STRUCTURAL-Schco! Visits (cont'd) 

shrinkage and incompatibility of strains with other structural 

members. 

b) painting expansion joint material resulted in peeling of 

paint when such joints expanded and/or contracted. 

c) some large openings with block lintels showed signs of 

distress. 

Long Span Structural Members 

a) where long spans are used to cover open areas, those mem- 

bers supporting movable partitions or folding doors often 

deflect excessively rendering the partitions or doors 

inoperative. 

b) on flat roof construction, long spans result in ponding 

of water and poor roof drainage due to excessive deflection. 

Floor Slabs on Grade 

a) depressed floors in areas of high water table have 

resulted in some water seepage through the slab. 

b) poor soil conditions in some areas have caused uneven 

heaving and/or settlement, resulting in damaged floors. 

c) some basement slabs have shown excessive cracking from 

shrinkage and lack of sufficient contraction and expansion 

joints. 

4\. 
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2 STRUCTURAL School Visits (cont'd) 

2n2.60.4 Precast 

a) Where precast, prestressed tees are used as floor con- 

struction in shop areas, some difficulty has been experienced 

in anchoring machinery to the floor due to the thin floor slab 

encountered in this type of construction. 

b) Some precast prestressed member connections showed dis- 

tress from non ductile connections which did not allow for ade-~ 

quate end rotations and bearing stress concentrations. 

2.2.6.5 Glued Laminated Timber 

Reduction of moisture content in glued laminated 

timber caused checking. 

Observations and Comments 

AF Cost of conventional footings on competent bearings at frost free 

depth are comparable to cast-in-place bored piles (25 foot depth) with 

shallow grade beams. 

23 Single story buildings with floors as slabs on grade are more ec- 

onomical than those with crawl spaces or basements. 

as Multilevel sites or sloped sites add to foundation costs. 

4, Foundation costs per gross square foot of building decrease with 

an increase in the number of stories. 

A2. 
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1.2 STRUCTURAL-Observaticns and Comments (cont'd) 
Oe Foundation costs of single story schools offset the additional 

costs of superstructure in multistory schools. 

6. Where standard and repetitive structural elements were emp|- 

oyed on a regular grid with classroom spans in the order of 28 feet to 

32 feet an overall economy of all disciplines was realized. 

Te Structural cost advantages were achieved when permanent 

masonry partitions were used as a structural element in smaller schools. 

Gu. Hybrid wood-steel joists, plywood decking with a fireguard 

ceiiing supported on load bearing partitions is an economical single 

story superstructure. 

2. Precast structures in the cases studied wers not as economical! 

as other systems. This is contrary to findings in some other provinces of 

Canada. 

10. A high percentage of non standard, non repetitive precast in a 

structure adds appreciably to the overal! cost of a school. 

Phi Although examples of multistory schools were limited to 2 and 

3 floors, we found that structural square foot costs could be further re~ 

duced by adding floors to an optimum governed by other disciplines. 

ee New structural design techniques such as computer analysis, 

ultimate design theory, new high strength materials and more mechanized 

43. 
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STRUCTURAL - Observations and Comments (cont'd) 

construction procedures have resulted In offsetting proportiona] |abor 

and material price increases, 

13. Regional structural cost differences were not apparent in 

the Study. 

[4 The structural budget costs do not include allowances for 

any architectural costs such as the fullcost of interior or exterior 

walls, finishing of exposed elements or special structures for 

architectural effects. 

be The design structures In the study appear to be of good 

quality and in accordance with the N.B.C. code requirements. 

44 
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3 MECHANICAL 

2.5.1 Design Criteria 

The following design criteria was followed in establishing the acceptable 

standards to which the norm school mechanical system must be designed: 

“The American Society of Heating Refrigeration and Air 

Conditioning Engineers Guide and Data Book for establishment 

of heating and cooling system capacity and certain ventilation 

standards. 

-The Industrial Ventilation Manual of Recommended practice 

by the Comnittee on Industrial Ventilation of the American | 

Conference of Government Industrial Hygenists for special 

ventilation system requirements. 

-The Alberta School Buildings Handbook. | 
~The National Building Code and the Province of Alberta 

Department of Public Health Regulation for plumbing systems. 

~The National Building Code for fire protection standards with 

due consideration to the influence of City of Edmonton and | 

City of Calgary fire protection by-laws. | 

-The Incinerator Standards of the Province of Alberta Depart- 

ment of Public Health. 
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.3 WECHANICAL (cont d) 

2.5.2 Elementary Schools 
ae 

2.3.2.1 Selection of Schools 

In the selection of schools to be analysed in depth, efforts 

were made to obtain a representative sampling of mechanical 

systems covering both the full range of design and cost variations. | 

Out of the 17 elementary schools studied 9% were selected 

for in depth study since this group contained a representative | 

sampling of those systems. The average mechanical cost per 

square foot for the |I7 schools was $3.38 ($1.14 for plumbing 

and $2.24 for heating and ventilation.) 

In general no air conditioning system was provided. 

2.9.2.2 Norm. school 

The selection of the mechanical system for the norm school 

was based on the review of systems in use and their compliance 

with the codes mentioned previously. | 

The following outline of components represent those most 

commonly utilized and found to be giving a satisfactory level of 

service. The budget for the mechanical system has been estab- 

lished on this basis. 
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MECHANICAL -- Elementary Norm School (contid) 

Plumbing 

Waste Systems - Include standard installation as required by 

the National Building Code and the Department of Health 

Regulations. Cast iron pipes are used for underground jines 

under buildings and stacks and galvanized steel or copper DWV 

for connections of fixtures requiring connections less than 3° 

size above grade. 

Water Supplies. Connections to City service are made in 2 inch 

or 2-1/2 inch copper water service to water meters provided by 

the utility. Include distribution piping systems of copper type 

“L" with streamline fittings and copper to copper valves. Valves 

to be provided in all main branch circuits and individual fixtures 

to be provided with shut off stops. Water distribution for wet 

standpipe systems installed in Schedule 40 steel pipe with 150 

Ib. malleable fittings. 

Plumbing Fixtures. Selected for durability and service. Water 

closets for student washrooms are free standing floor mounted 

units complete with chrome plated flush valve connections and 

open front plastic heavy duty seats. 

Water closets for teachers are flush tank type with heavy 

duty plastic seats. 
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MECHANICAL - Elementary Norm School (cont'd) 

Urinals are generally floor mounted stall units complete 

with flush tank and concealed distribution pipe. Urinals are 

installed flush with floor. 

Lavatory basins for student washrooms are equal. tocast 

iron wall hung with 8 inch centre supply and p.o. plug. 

Janitor service sinks are free standing cast iron complete 

with wall hung supply with pail hook and brace. 

Drinking fountains are wall hung vitreous china comp lete 

with bubbler and stream regulator. 

Wet Standpipe Systems. Include standard pipe as mentioned 

above. Fire hose cabinets 30 x 30 x 9 complete with glass 

door. 75 ft. I-1/2 inch unlined hose, I-1/2 inch chrome 

plated valve, I-I/2 inch combination spray and straight stream- 

nozzle with shut off. Include a 2-1/2 gallon pressurized water 

extinguisher or pump tank in each cabinet. 

Service Connections - There is a wide diversity in the degree 

and length of service connections in the schools studied and the 

general siting of the school on the property provided would de- 

termine this length. We consider the norm school as one which 

is set back 80 to 100 feet from the property line with direct 

48. 
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MECHANICAL - Elementary Norm School (cont'd) 

connections to the services in the street, but mechanical de- 

signers should press for these connections to be as short as 

possible. 

Domestic Hot Water. Include direct gas fired storage water 

heaters, with two storage heaters of approximately 80 US gal- 

lons storage and 100 US gph rise through 100 deg. F. each for 

a school of approximately 30,900 sq. ft. Include one hot water 

recirculation pump and thermostat. This size and capacity, 

however, must vary with the size of school and its facilities. 

Classrooms and Ancillary Spaces. Include a single compart- 

ment stainless steel sink complete with hot and cold water 

services and drinking fountain bubbler. 

Corridors. Include drinking fountains in the ratio of one to 

each 75 pupils, preferably near playaround entrances and gym=- 

nasiums. Also provide fire protection equipment, i.e. fire hose 

cabinets with wet standpipe and/or hand fire extinguishers to 

code requirements. 50% of the schools studied were equipped 

with wet standpipe fire protection system. 

Gymnasium. No plumbing equipment is included. 

Libraries. No plumbing equipment is included. 
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3 MECHANICAL - Elementary Norm School (cont'd) 

Offices and Miscellaneous Areas. Include the necessary fac- 

ilities for teachers washrooms, lunch room, work room and 

service rooms. 

Roof Drainage System. Include standard flow roof drains sized 

in accordance with National Building Code and local Plumbing 

By-laws and connected to cast iron rain water leaders and storm 

collection systems. 

Parking Lot Drainage. There is provision for one catch basin witt 

connection to municipal storm sewer in the norm school. 

Heating 

‘lain Components. The norm school has hot water heating boil- 

ers, gas fired and approximately 50% of those studied had mult- 

iple installations with standby and future reserve capacity. Of 

the 17 elementary schools studied, only four were all air systems 

using furnaces and multizone heating units. We have, therefore, 

assumed the norm school to nave cast iron sectional boilers each 

designed for 70% of the presently installed heating and venti la- 

tion capacity of the system. 

Include pump units for radiation systems and ventilation 

units coil systems separately with a standby pump for the 

pO; 
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2.3 MECHANICAL -- Elementary Norm School (cont'd) 

radiation circuit, pumps being base mounted complete with 

vibration isolation and flexible couplings. 

Radiation water supply temperature should be control! led 

by indoor-outdoor temperature control on a 3 way valve vary~ 

ing the water temperature in relation to the outdoor tempera~ 

ture. Reheat coils supplied with water from the same circuit. 

Heating water for ventilation unit coils should be regulated by 

constant flow control but varying the temperature of water with 

a 3 way valve controlled from the unit discharge air tempera- 

ture. Reset should be provided to increase supply temperature 

as outdoor temperature falls. The gymnasium unit should be 

controlled similarly with constant flow-varying temperature us- 

ing a 3 way valve controlled by room temperature. 

Include all necessary appurtenances, expansion tanks, sys- 

tem thermometers, pressure gauges, air vents, chemical feeders, 

etc. 

Classrooms and Ancillary Spaces. Include sufficient perimeter 

wall fin hot water heating radiation and cover to provide for 

transmission heat losses and infiltration losses of classrooms. 

Radiation for each room thermostatically controlled by throttling 

Pile 
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MECHANICAL - Elementary Norm School (cont'd) 

valves. In interior rooms, the ventilation system should provide 

the heat required to compensate for the losses through the roof, 

using thermostatically controlled reheat coils. 

Corridors. Entrances to be heated using force flow units or hot 

water projection heaters. No corridor radiation units are consi- 

dered necessary. 

Gymnasium. Use combination heating and ventilating units 

with no provision for humidification. Air distribution at floor 

level. Approximately 4 air changes are required based on tot- 

al volume of the gymnasium and stage area with 20% minimum 

fresh air, with relief exhaust up to 100% of capacity of the 

supply system. 

Offices and Miscellaneous Areas. Include thermostatically con- 

trolled hot water wall fin radiation complete with cabinet and/or 

convector units for perimeter areas. Interior spaces roof heat loss 

to be provided in the ventilation system, similar to that for in- 

terior classrooms. 

Libraries. Since most library spaces are interior, the heating sys- 

tems should be as previously described for interior rooms by using 

reheat coils and ventilation system. Where there is greater 

volume than normal classroom space the air change rates may 

a2 
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MECHANICAL ~ Elementary Norm School (cont'd) 

be reduced in proportion to approximately 5 air changes per 

hour and the minimum fresh air admitted to 20% of the total 

air circulated. 

Ventilation 

Main Components. The norm school in this case was more diff- 

icult to select since the system designs vary more widely. How- 

ever, the norm school, i.e. 75% of those studied were equipped 

with heating and ventilating units using various combinations of 

fan configurations which would fit into space provided, the ca- 

binet type fan unit being the most common. Return air fans 

were included in 10 Out of 14 systems not employing furnace or 

roof top multizone systems, therefore, return air fans are also 

considered as standard on the norm school. Heating and vent- 

ilating systems employ various methods of humidification but, in 

keeping with the quality of the above system, a water spray 

humidifier using cold city water under pressure to spray nozzles 

will be considered as normal. Humidification systems should be 

designed to maintain a minimum of 20% RH in the building when 

the outdoor temperature is -30 deg. F. It must be recognized 

+hat window and wall construction will not permit the use of 

53 
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2.3 MECHANICAL ~ Elementary Norm School (cont'd) 

humidity ratios much higher than 20% during extreme winter 

conditions without the risk of condensation. 

The gymnasium supply systems as mentioned in heating 

above, employ the use of heating and ventilation units with 

underfloor supply systems and relief exhaust; no humidifiers are 

included for these systems. 

Ventilation systems include a mixed air temperature con- 

troller which is set to provide approximately 20% minimum fresh 

alee, ased.on. minus.o0 deg. f... fresh ain, Jo deg. jal Clin eit 

and 20% fresh air, the mixed air temperature would be .20 x 

-35 = -7 and .80 x 75 = 60 to give 60 - 7 = 53 deg. F. which 

is generally regarded as normal air supply temperature required 

for free cooling. The ventilation heating coils may be controlled 

by a discharge, or return, air temperature controller with manu- 

al reset to provide additional heat if necessary. 

Exhaust ventilation systems are connected to roof mounted 

exhaust fans with a varying number of fans depending upon the 

building layout, proximity of washrooms, etc. In general 

washroom exhaust should be based on 2 cfm/ sq. ft. of washroom 

Eo 

and storage rooms | to |.5 cfm per square foot of room area. 

54 



(5! tise; 
ie - 

Seotatwoanettae potiwh 05. rai? 78°67 pene poe) 

onitGet ni bemol ieee 26 eneicye viqque icicles ofl 

Atiw 2tinu deltsl i trey bit Gn! teat lo ge en? (tem 5 aie 

e96.279) 41 binwA o Tevet tsitey one aneteye viqgue ro Mees 

“natove greatly saat iat 

“oxy soutexsaret ale Doxte o abulont ametova nol 40 Deed 

fae? mumtnim. OO. vietesisxotade ebiveto. ot tec-e) Aolhw 38 h(DVt 

ruten .49 .pet ff (she Abes> . 3 000 OS edn ne haem eer: 

x (S. et tluow exuTe3sem4at.4is veel edt [ais vcast eae 

sitw .F spe te + 3 - i avip. at yx OF. toe f= ae 

PHupen sivtimcamet yiewa whée [amon ee bebiee) yl RIeteg res 

Wio-Taeo ed yen elies pxiteer folic! itnov sri na) loom 9e7t AGF 

eunon nil. vellfotiroo surteeqmat vie: ,olute Wo -spIeroRip S va 

Mexzenen tl teen benoit ibe whivord°o? -feaey Te 

bethuer foo of vatoenooore tse ametfey> scortrhivnev Teepeey 

adh mnogu poibadgqeb ene? to deanon ociyoay & itiw fash tapes 

ifyornep trl Sts .shomweay: to VT ia a KOO tooyel pete ivy 

Moorinzeweto . tt spe \ota 3 opebaess od bluote +auedee: roandesw 

BAG MOS tostoot onside tepmto <,| ot 4 azmoay apinote BAG 

: bon iy ii - 

wai teonstinos ¥eazid Sate 1 a ve 



MECHANICAL - Elementary Norm School (cont'd) 

Classrooms and Ancillary Spaces. Air supply and return from 

central system source should provide for adequate circulation 

of air and fresh air as required by Design Criteria of 2.3.| 

above. Approximate average of 6.5 air changes per hour for ven- 

tilation with a minimum of 300 cfm fresh air has proven satis- 

factory. 

Offices and Miscellaneous Areas. Air supply and return from 

central system should provide for adequate circulation of air and 

also for fresh air requirements. A ventilation system designed for 

8 air changes per hour with a minimum of 20% fresh air has been 

satisfactory. 

Miscellaneous Systems 

Incineration. Approximately 50% of the elementary schools 

studied are supplied with incinerators and we found that generally 

these were oversized compared to the incinerator standards 

of the province. An incinerator required for a school of 

approximately 30,000 sq. ft. would be 75#/ hr. capacity of No. 

| and 2 waste, but incinerators of !00#/hr. could be considered 

acceptable since cost difference is small. Unit capacities up to 

240#/hr. have been installed in some instances. 

Do 
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MECHANICAL - Elementary School (cont'd) 

Pattee ae 

Pe Fe | 

Unit Costs 

The average actual cost of mechanical installations for 

the 9 schools for which a more detailed study was uncertaken 

was $3.29 per square foot. Two of these were air conditioned. 

The average cost of these same schools less case 2E adjust~ 

ed to the norms given in section 2.3.2.2 was 53.25 per square 

foot. (see Table 4). Thus we have taken $3.25 as our budget 

rigure. 

fe5.5 Junior High Schools 

Selection of Schools 

Our general study covered 10 schools, 5 air conditioned and 5 not 

air conditioned. It is interesting to note that the actual mechanical 

cost per square foot of the air conditioned schools was slightly less 

+han the average for non-air conditioned schools. This was due 

mainty to the fact that generally, the design concept of the 

schools had taken into account, that the building was to be air 

conditioned, was compact and of simpler layout enabling savings in 

+he mechanical systems as wel! as in other components of the 

building. In those without air conditioning there were compensating 

cost features including evaporative cooling equipment. 
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4ANICAL we Juntor High School (cont'd) 

Norm Schoo| 

The selection of the mechanical system for the norm 

school was based on the review of systems in use and their com- 

pliance with the codes mentioned previously. 

The following outline of components represent those most 

commonly utilized and found to be giving a satisfactory level 

of service. The budget for the mechanical system has been 

established on this basis. 

Plumbing 

Waste. Systems. Include standard installation as required by 

the National Building Code and the Department of Health Re- 

gulations. Use cast iron pipes for underground lines under 

buildings and stacks and galvanized steel or copper DWV for 

connections of fixtures above grade requiring connections less 

than 3 inches in size. 

Water Supplies. Connections to City service are made in 4 

inch size with water meters provided by utility. Include distri= 

bution piping systems of copper type "L" with streamline fittings 

and copper to copper vales. Valves are provided in all main 

ay | 
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MECHANICAL = Junior High Norm Schoo! (cont'd) 

branch circuits and individual fixtures to be provided with shut 

off stops. Water distribution for wet standpipe systems installed 

in Schedule 40 steel pipe with 150 |b. malleable fittings. 

Plumbing Fixtures. Select for durability and service. Water 

closets for student washrooms are free standing floor mounted 

units complete with chrome plated flush valve connections and 

open front plastic heavy duty seats. 

Water closets for teachers are flush tank type with heavy 

duty plastic seats. 

Urinals are generally floor mounted stall units ccmplete 

with flush tank and concealed distribution pipe. Urinals 

installed flush with floor. 

Lavatory basins for students washroom are equal to cast iron 

wall hung with 8 inch centre supply and p.o. plug. 

Janitor service sinks are free standing cast iron complete 

with wall hung supply with pai! hook and brace. 

Urinking fountains are wall hung vitreous china complete 

with bubsler end stream regulator. 

“et-Standpipe Systems. Include standard pipe as mentioned 

above, Fire hose cabinets 30 x 30 x 9 complete with glass door, 
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MECHANICAL ~ Junior High Norm Schoo! (cont'd) 

75 ft. 1-1/2 inch unlined hose, 1-1/2 inch chrome plated valve, | 

I-1/2 inch combination spray and straight stream nozzle with 

omer ort. “include @ 2-|/2 gallon pressurized water extinguisher 

or pump tank in each cabinet. 

service Connections. There is a wide variety in the type 

and length of service connections in the schools studied and 

the general siting of the school on the property would 

determine this length. We consider the norm school as one which 

is set back 80 to 100 feet from the property line with direct 

connections to the services in the street, but mechanical design- 

ers should work to have these connections as short as 

possible. 

Domestic Hot Water. Include gas fired domestic water heating 

systems in conjunction with stone line storage tanks. Capacity 

of system should be equal to that recommended by ASHRAE with 

due consideration to an article in Volume || Number 8 of Aug- 

ust 1969 of the ASHRAE Journal. 

Classrooms and Ancillary Spaces. Approximately 50% of the 

classrooms include single compartment stainless steel sinks with 

hot and cold water supply. No bubblers are provided. 
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ECHANICAL - Junior High Norm School! (cont'd) 

Corridors. Drinking fountains preferably near playground and 

gymnasium exits and fire protection equipment consisting of wet 

standpipe system and/or hand fire extinguishers. Approximately 

50% of schools studied were found to have wet standpipe systems. 

Gymnasium. Shower rooms with gang type showers for boys and 

individual stalls for girls are included. Drains should be provid- 

ed in the locker room floors adjacent to the shower room to faci- 

litate cleaning. Hot water temperature should be thermostatically 

controlled under the direct supervision of the gym instructor or 

teacher. Include single toilet facilities in each shower room 

and shower cabinet in gym instruction office. 

Offices & Miscellaneous Areas. Include necessary facilities for | 

teachers, e.g. washroom, lunchroom, workroom and service sinks. | 

Libraries. Include stainless steel sink with hot and cold water 

in library workroom. 

Home Economics. A double compartment stainless steel sink 

with hot and cold water supply is included for each station plus 

rough-in plumbing for automatic washer. 

Science Rooms. - Type 316 stainless steel science room sinks with 
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MECHANICAL - Junior High Norm School (cont'd) 

cold water only and demonstration disk sinkswith hot and cold water 

supplies are included. A large wash up sink with hot and cold 

water should be provided for clean up for each 12 to [6 stations. 

Roof Drainage. Include standard flow roof drains sized in 

accordance with the National Building Code and local Plumbing 

By-laws and connected to cast iron rain water leaders and storm 

collection systems. 

Parking Lot Drainage. There is provision for one catch basin 

with connection to municipal storm sewer. 

Heating 

Main Components. Include two hot water heating boilers 

sized for 70 percent of the total capacity of the heating and 

ventilationsystems. Competitive prices should be obtained for 

steel fire tube boilers but care should be taken to eliminate ther- 

mal shock if these units are used instead of cast iron boilers. 

As for the norm elementary school,base mounted pump units 

should be supplied for radiation systems, and ventilation coil 

systems with standby for the radiation circuit. 

Radiation water supply temperature should be controlled 

by indoor-outdoor temperature control on a 3 way valve varying 

6| 
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ANICAL - Junior High Norm School (cont'd) 

the water temperature in relation to the outdoor temperature, and 

reheat coils supplied with water from the same circuit. Heating 

water for ventilation unit coils should be regulated by constant 

flow control but varying the temperature of water with a 3 way 

valve contro|led from the unit discharge air temperature. Reset 

should be provided to increase supply temperature as outdoor 

temperature falls. The gymnasium unit may be similarly control- 

led with constant flow-varying temperature using a 3 way 

valvecontrolled by room temperature. 

Include all necessary appurtenances, expansion tanks, system 

thermometers, pressure gauges, air vents, chemical feeders, etc. 

Classrooms and Ancillary Spaces. Include sufficient perimeter 

wall fin hot water heating radiation and cover to provide for 

+ransmission heat losses and infiltration losses of classrooms. 

Radiation for each room thermostatically controlled by throttling 

valves. In interior rooms, the ventilation system should provide 

for the heat required to compensate for losses through the roof 

by use of reheat coils. 

Corridors. Entrances are heated using force flow units or hot 

water projection heaters. No corridor radiation units are con- 

sidered necessary. 
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MECHANICAL - Junior High Worm School (cont'd) 

Gymnasium. Use combination heating and ventilating units 

with no provision for humidification, and with air distribution at 

floor level. Approximately 4 air changes are required based on 

total volume of the gymnasium and stage area, with 20% minimum 

fresh air and relief exhaust up to 100% of capacity of the 

supply system. 

Office and Miscellaneous Areas. Include thermostatically con- 

trolled hot water wall fin radiation complete with cabinet and/or 

convector units for perimeter areas. Interior space roof heat 

loss to be provided in the ventilation system similar to that for 

interior classrooms. 

Ventilation. 

Generally with larger schools in this sector and increased 

material quantities, lower unit cost permits the use of more 

sophisticated systems. The use of the induction system becomes 

economically feasible and air conditioning more desirable to 

satisfy the requirements of the larger interior spaces. 

Main System Components. There was 4 greater use of return air 

fan systems and all but one system not employing the rooftop 

multizone units was equipped with return fans. As was the case 

in the elementary schools, when rooftop multizone units were 

employed, return fans were not used. Considering the air 
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MECHANICAL - Junior High Norm School (cont'd) 
— 

conditioned system as the norm, the basic supply systems would 

be similar to those provided for the norm elementary school ex- 

cept that cooling coil sections are added in the main supply air 

unit or units and spray coil humidification is incorporated. 

Gymansium systems are similar to those provided in the 

norm elementary school with the same mixed temperature control. 

Due to the inclusion of the cooling coils there is increased 

static pressure required for the fan systems. In the systems stud- 

ied the designers made a greater use of medium velocity systems 

with single duct constant volume reheat boxes and/or induction 

units and this practice is recommended. 

Shop supply systems generally incorporate the use of heating 

and ventilating units with heating coils only. Where shop supply 

units are provided, these should be designed for 100% outside 

air intake or matched to exhaust requirements. Consideration 

should be given to use of excess air from other sources, i.e. 

+he normal exhaust air from central systems produced when 

balancing for the 20% minimum fresh air intake as a cost 

saving feature. 

Exhaust ventilation systems should be connected to roof 
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MECHANICAL _- Junior High Norm School (cont'd) 

mounted exhaust fans or vaneaxial fans, the number of which 

depends upon the building layout, proximity of washrooms and 

special exhaust requirements of shops, i.e. welding-carbon 

monoxide, etc. 

As was the case for the norm elementary schcol, washroom 

exhaust should be 2 cfm per square foot of floor area, storage 

room, | +o |.5 cfm per square foot and special exhaust, as re- 

commended by the Industrial Ventilation Manual. 

Air Conditioning Equipment. There is a great variety of 

equipment employed with variations in each so that no two 

schools studied had identical installations though approximately 

the same level of performance being obtained for the same average 

cost: 

The two air conditioned schools studied in detail had cool- 

ing equipment of 75 to 100 tons cooling capacity. Reciprocating 

chiller packages were used in conjunction with steel cooling 

towers. Chilled water from the chiller package circulated 

through the cooling coils of the main air supply equipment using 

3 way mixing valves on the return for varying flow through the 

coil, controlled by an air discharge temperature controller. 
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MECHANICAL - Junior 

ee 

High Norm School (cont'd) 

Classrooms, Library and Ancillary Space. Air supply and return 

from central system source should provide for adequate circula- 

tion of air and fresh air as required by Design Criteria of 2.3.| 

above. An approximate average of 6.5 air changes per hour for 

cooling and ventilation and a minimum of 300 cfm fresh air has 

proven satisfactory. 

Office and Miscellaneous Areas ~ Supply and return distribution 

from central system should provide for adequate circulation of air 

and also for fresh air requirements. A cooling and ventilation 

system designed for 8 air changes per hour with a minimum of 20% 

fresh air has proven satisfactory. 

Gymnasium - There is no provision for air conditioning. 

Unit Costs 

The average’ cost of the mechanical installations for 10 

Junior high schools included in the general study was $3.81 per 

square foot including air conditioning. Cooling equipment, 

chilled water and condenser water systems average $0.52 per 

square foot. If the cooling equipment is to be deleted, the 

budget for mechanical systems becomes $3.29 per square foot. 
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MECHANICAL (cont'd) 

go. «| 

ees se 

2.3.4 Senior High Schools 

Selection of Schools 

Of the seven senior high schools in our Study, two were 

selected for in depth analysis. Much more complete cost break- 

down information was made available for all schools of this type 

and in spite of the limited number of schools in the Study the 

information was considered complete enough for comparison. 

The average mechanical cost per square foot for all seven 

schools varied from $3.64 per square foot to $4.40 per square 

foot. Only one of the schools was not air conditioned and 

lacked only the refrigeration equipment to meet the standards 

of the others. 

All the systems employed conventional medium velocity 

air distribution systems to terminal units (reheat, induction, 

double duct, etc.) Gymnasiums were not air conditioned nor 

were the shops. 

Norm Schoo] 

The following is a description of the basic components of 

mechanical system as observed for a norm senior high school. 

The mechanical systems for the norm senior high school are 
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L - Senior High Norm School (cont'd) 

generally more complex and employ the use of a greater variety 

of systems than used for the elementary and/or junior high 

schools due to a larger number of services provided and the 

diversity of the cooling and ventilation loads. The mechanical 

contract often includes items such as kitchen and shop equipment 

which are considered in our Study as integrated equipment. In 

order to analyse the mechanical systems on the same basis as 

the elementary and junior high schools, we have kept those items 

separate from the mechanical costs and these items are nor i= 

cluded in the mechanical budget. 

In all basic design aspects the requirements for junior and 

senior high schools are the same. 

Plumbing 

Waste Systems. Include provision for standard installation as 

required by the National Building Code and the Department of 

Health Regulations. Cast iron pipes are used for underground lines 

under building and all lines over 9-|/2 inch size. Smaller Jimes 

may be galvanized steel or copper DWV. Science room drainage 

requires the use of polyethylene acid proof drainage piping 

systems with dilution traps. 
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HANI CAL - Senior High Norm School (cont'd) 

Water Supplies. Connections to City service are made in 6 to 

8 inch cast iron with water meter provided by the utility. | 

Include distribution piping system of Schedule 40 galvanized | 

steel for lines 4 inch and larger and copper type 1” with | 

streamline fittings and copper to copper valves on lines 3 

inches and smaller. Valves are provided in all main branch 

circuits and individual fixtures are provided with shut off 

stops. Water distribution for wet standpipe systems installed 

in Schedule 40 black steel pipe with 150 Ib. malleable fittings. | 

Plumbing Fixtures. Select fcr curetility and service, | 

Water closets for student washrooms are free standing floor 

mounted units complete with chrome plated flush valve 

connections and open front plastic heavy duty seats. 

Water closets for teachers are flush tank type with 

heavy duty plastic seats. 

Urinals are generally floor mounted statrimits cone 

plete with flush tank and concealed distribution pipe. Urinals 

are flush with floor. 

Lavatory basins for student washrooms are equal to cast 

fron wall hung with 8 inch centre supply and p.o. plug. 
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MECHANICAL = Senior High Norm School (cont'd) 

Janitor service sinks are free standing cast iron complete 

with wall hung supply with pall hcek and brace. 

Drinking fountains are wall hung vitreous china complete 

with bubbler and stream regulator. 

Bradley wash fountains are included for use in shop areas. 

Service Connections. Since the general case involves larger 

schools more extensive connection requirements are necessary 

but the average includes the storm, sanitary and water connec- 

tions based on 100 foot setback from the property line. 

Domestic Hot Water. Due to the larger size of heating equip- 

ment, and the necessity for summer operation of boilers, the 

domestic hot water systems were generally supplied from the 

boilers using heat exchangers in the storage tanks. The 

average is not significant since size of schools vary consider- 

ably. Storage to heating capacity, however, is general ly mece) 

|. Stone lined storage tanks are generally used. 

Classrooms and Ancillary Spaces. Classrooms in the arts and 

sciences sections require sinks as designated by the school 

building program. 

Corridors. Drinking fountains should be located in the public 

“areas but not so that they impede traffic flow. As was the case 
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MECHANICAL ~ Senior High Norm School (cont'd) 

for elementary schools the users recommend that drinking 

fountains be located near playground exits. Fire protection 

equipment includes wet standpipe systems with hand fire ex- 

tinguishers. There appears to be little value in providing 2- 

1/2 inch fire valves in cabinets of single and two story struc~ 

tures. Sprinkler systems must be provided to meet local code 

reauirements. 

Gymnasium. Shower rooms with gang type showers for boys 

and individual stalls for girls are included. Drains should be 

provided in the locker room floors adjacent to the shower room 

to facilitate cleaning. Hot water temperature should be therm- 

ostatically controlled under the direct supervision of The gyin 

instructor or teacher. Include single toilet facilities in each 

shower room and shower cabinet in gym instruction office. 

Offices and Miscellaneous Areas. Include necessary facilities 

for teachers, e.g. washroom, lunchroom workroom and service 

sinks. 

Libraries. Include stainless steel sink with hot and cold water 

in library workroom. 

Home Economics. A double compartment stainless steek sink 

with hot and cold water supply in included for each station with 
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MECHANICAL = Senlor High Norm School (cont'd) 

rough--in plumbing for automatic washer, 

science Rooms. Type 316 stainless stee| sclence room sinks 

with cold water only and demonstration desk sinks with hot 

and cold water supplies are included, A large weshuo sink 

with hot and cold water should be provided for clean up for 

each |2 to |I6 stations. 

Roof Drainage. Include standard flow roof drains sized in 

accorcance with the National Suilding Code and loca! 

Plumbing Sy-laws and connected to cast Iron ratnweter 

leaders and storm collection systems. Control! flow drains 

should be used where possible to reduce cost of drainage 

systems. 

Parking Lot Drainage. There is provision for more yard 

work with connection to municipal storm sewer, 

particularly In connection with the larger parking lot 

areas. 

Heating 

Packacs fire tube steel boilers with automatic forced 

draft gas turners are generally Installed In the senior 

high schools with two boilers providing standby and 

rhiatve canacity. Hot water perimeter heating systems 

to wall fin radiation, convectors, force flow units 

and/or unit heaters would be used, In the case wnere 
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MECHANICAL ~ Senior High Norm School (cont'd) 

, Induction units are employed the perimeter 

heat loss is taken care of through these units. 

Roof heat losses are generally Included In the 

capacity of the interior zone ventilation equipment. 

Main Components. The use of steel package fire tube 

boilers is mentioned above and as is the case of junior | 

high schools the designers should protect the boilers ] 

against thermal shock. Boiler capacity should be | 40% 

of total Installed system capacity. | 

Include base mounted pumps with vibration isolation 

and flexible couplings. 

Radiation supply water temperature should be controlled 

by indoor--outdoor temperature controllers. In these larger 

systems a separate reheat circuit for interior space 

temperature control is feasible within the budget. heating 

water for ventilation unit coils may be regulated by 

varying temperature with constant flow thus maintaining 

balanced pressure drop through the systems. 

Include all necessary appurtenances, expansion tanks, 

system thermometers, pressure gauges, air vents, etc. 

Corridors. As was the case in the other school types cnly 

entrance heating units are included, except where there 
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MECHANICAL = Senior High Norm School (cont'd) 

there are corridors on outside walls. 

Gymnasiums. Use combination heating and ventilating units 

with no provision for humidification, and with air supply distribu- 

tion at floor level. Approximately 4 air Changes are required 

based on total volume of the gymnasium and stage area with 

20% minimum fresh air and relief exhaust up to 100% of capa~ 

city of the supply system. 

There is increasing pressure due to the more active sports 

program and increasing community use of schools to have these 

areas of air conditioned. Allowance for this feature has not 

been included in this budget. Until such time as demand for 

and use of the gymnasiums has materially increased, the air 

conditioning of this facility does not appear to be warranted. 

Libraries, Offices, Miscellaneous Areas, Include thermostatic- 

ally controlled radiation for perimeter areas. Interior space 

heat loss to be provided for in the ventilation system similar to 

that provided for interior classrooms, 

Ventilation and Air Conditioning 

No rooftop multizone units are used in these larger systems. 

As was the case for elementary schools classroom, ancillary and 
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; MECHANICAL - Senior High Norm School (cont'd) 

library ventilation rates have been found to be satisfactory 

generally at 6,5 air changes per hour and offices, workrooms 

and miscellaneous areas at 8 air changes per hour, All of these 

areas would be provided with a minimum of 20% fresh air, 

Main System Components, Of the seven systems studied three 

were combination systems using induction exterior and constant 

volume double duct, one was variable volume, two were con- 

stant volume reheat, Each of these systems employ the use of 

generally the same basic system components of mixed air control. 

Both draw through and blow through fan/coil combinations are 

used with success. Spray coil humidification is incorporated, 

Shop areas are equipped generally with makeup ventilation 

equipment to match capacity of exhaust systems. As stated in 

the junior high school section it is suggested that re-use of ex- 

haust air from the central ventilation system be considered for 

makeup if possible. 

Refrigeration Equipment - Systems requiring units of more than 

100 tons of cooling capacity are better served by centrifugal 

chiller compressors with remote counterflow cooling towers. 
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ANICAL_- Senior High Norm School (cont'd) 

| Miscellaneous Systems, 

Incinerators. Provide to meet code requirements. Code re- 

quirements state 10 Ibs, per room plus I/4 Ib, per student based 

on a four hour burning rate, therefore, a 40 room shool with 

1200 pupils requires (400+300x4=185) a 200#/hr. incinerator. 

2.5.4,5 Unit’ Costs 

The average cost of mechanical installations for all the 

senior high schools studied was $4,06 per square foot out of 

which $1,09 is for plumbing and $2,97 for heating, ventilation 

and air conditioning. After making allowances for the norm 

school standards and deduction of cost items of integrated equip- 

ment the average adjusted cost for the two schools studied in 

depth (see Table 4) was $3,72 per square foot, We adopted 

$3.80 per square foot as the budget figure. 

2.3.5 Summary of Unit Costs 

From the above studies, it appears that a common budget for all 

schools can be established since the average cost of the non air 

conditioned school is $3.25 to $3.30 per square foot and the air conditioned 

school is $3,80 per square foot. It must be noted, however, that there 

are varying aspects of each type of school as indicated by the 

following Table 3. 
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t. PI umb i ng 

2, Heating & 
Ventilation 

S. Tota | 

4, Budget 

MECHANICAL (cont'd) 

TABLE 3 

MECHANICAL COSTS 

Elementary 
(8 cases) 

Not Air Conditioned 
Average Cost/sq.ft. 
Actual Adjusted 

1,02 | 06 

£120 2.19 

3.59 bys) 

aie 

eo ,0, General Comments 

Junior High Senior High 
(5 Cases) (2 cases) 

Air Conditioned Air Conditioned 
Average Cost/sq.ft. Average Cost/sa.ft. 
Actual Adjusted Actual Adjusted 

[ris lade 1.04 0,97 

Peay ee | 2.94 2.76 

S61. 3.82 3,98 3,7) 

3,80 3,80 

The architectual design plays an important part in the cost of 

mechanical installations. It has been established that very often a 

good part of the difference in cost between our proposed budget system 

and higher cost mechanical system was due to a poor location of the 

mechanical room, wide dispersion of washrooms or too much window area. 

To achieve an economical design a centrally locatea mechanical room 

and compact washroom layout is most important. 

The following is a partial list of items which contribute to 

ae 
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MECHANICAL - General Comments (cont'd) 

higher than norm costs: 

oversized equipment and systems 

refractory lined chimneys for gas fired equipment 

steam boilers used, complete with heat exchangers and condensate 

return systems, thus double conversion 

elaborate central control panels, complete with system schematics 

three way valves on all terminal reheat coils and boxes 

terminal reheat coils supplied for exterior as well as interior 

classrooms, with resulting duplication of heating capacity for 

exterior spaces 

medium velocity system of ductwork, complete with terminal 

constant volume ‘boxes in small systems 

copper lined hot water storage tanks 

oversized incinerator, 

Although the report has been written based on the use of hot water 

heating systems it is not the intention to restrict the design to that system only, 

Warm air heating systems using gas fired furnaces and rooftop multizones 

are being used extensively for elementary and junior high schools in rural areas 

where more local competition can be expected from sheet metal subtrades, and 

+hese must be considered where budget considerations are of prime importance. 

Where warm air systems are used, the fan systems should run continuously to provide 

TS. 
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9,3 MECHANICAL - General Comments (cont'd) 

ventilation requirements, I+ was noted during the site visits that most 

furnace fan systems cycled on thermostatic demand and therefore continous 

ventilation was not being achieved. 

Where warm air furnace systems are used, school boards must 

be made aware that historically these systems do not last the life of the 

building as do most hot water heating systems using cast iron boilers, 

During visits to the schools the occupants and the building 

custodians were questioned in relation to how the mechanical systems 

were performing. As a general rule most occupants were satisfied that 

their systems were adequately performing after initial trouble spots had 

been eliminated, Systems had been in use only one to two years and 

maintenance records have not indicated any problems with the equipment 

provided, 

Several custodians of the buildings did not appear to be pro- 

perly trained in the operation of the mechanical systems nor did they app- 

ear to understand them, We would recommend that designers ensure that 

the custodians are adequately trained in accordance with their specifica- 

tions. 

The most common complaint received in regard to mechanical 

19. 
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MECHANICAL - General Comments (cont'd) 

systems was in regard to the serviceability of equipment, Small fan 

rooms with no room around the equipment to allow for proper cleaning 

and service were used all too frequently. Access to rooftop equipment 

through hatches is also unadvisazle since the tendency to inspect and 

maintain the rooftop equipment during the long periods of cold weather 

is reduced particularly when the access if difficult. 

There are many instances where local board or local code re- 

quirements would appear to make the school designed for that board or 

under that code more expensive. These excesses are usually of a minor 

nature and other considerations required for most designs often 

offset the special requirements for one area. 

For those who would question the necessity to provide air con- 

ditioning in schools we would refer them to Chapter 4 of the 1968 ASHRAE 

Guide and Data Book. To further substantiate the statements made therein 

a norm classroom was selected and the heating and cooling loads deter- 

mined. We found that the average termperature in Edmonton at 3 p.m. 

is in excess of 60 deg.F. on all but a few days in April and October 

and all days in May, June and Septemver, This represents 50% of the 

days school is in session, We also established that when the outdoor 

80, 



pace ab we | 
fot Men? .tnacalupe Yo yrilidesdivter oat or: 

So) 

re ae os 
fPamqluoe gotiee: at azo00k Yi bnsupent aor hia bean * a 

ontndein yeqor2 tot wollte of trstiq lope isd. boOGTEr | 

tne Toegeni of vonebner adt vonle obs 2 IvRe ete aT 
7 - 

‘“ettiew bico to sbaitaq onel art eniiwh Tagmg!upa: qt Nison ete, _ 
: 

tlualt+is 9) e2eqgos ee) qeqw (otvolt se tiepebanlat 7 “ 

«24 e8oo beaut Ww boeed iacot ener zacristen! nem: 66 AH 

40 Wided tert ror beawhesd loadse orlt alent ot WeSQge an - 

yorilm @ to Vilaves S16 egedeoe Seorl ovisnwake oAiom aboo. iiteitak® 

netio enpiash Teo 0) bet lupe snoltenah Vénco athe neal 

.6046 eno 707 afieme fape heise ott teat tony 

«nao. 7bs ativerra ot ytlezeosn sdt neltaerp bluow ony saat 30% ~ Sas 

TEA BAC! att %6 & vatosdd of matt eta blvow ow 2lentge mt Ag OEMD: 

nisvedit abam atnesetate oat atsitnetedue sertaut ot. 5agea sted bre sbtve’ 

-yateb 2vs0} orifices bes goitsed edt bre bates saw mociesanas — 

- 
_— + 

, 

7.4 & te notodmbe ni souteregmat spe1svs att +eAt baviot aWy t 
a 

: emt: 

adotoO bos iingh ob evyeb wet e tud Ile no 27. peb Oe > - 
_ aa » 

ert +o ROC atneesrge 2idT ,r7dmetqee bes snul yys ol evens + /au 

soobtue eft come tett bortelideteeroels a¥ ,nolzgase al ei loo 



3 MECHANICAL - General Comments (cont'd) 

temperature is in excess of 60 degress F, the norm ventilation system 

cannot provide the free cooling necessary to maintain the desirable 

maximum classroom temperature cf 75 degress, F, 

Assuming that air conditioning is not only desirable but 

necessary, what then are the costs? We have already stated that the 

capital cost of the refrigeration equipment, cooling towers, etc, is 

52 cents per square foot, Operating costs including power, cooling 

water and chemical treatment based on 300 hours of full load operation | 

are estimated at 4 cents per square foot per year. This cost, when 

compared to the additional cost of air conditioned to non air conditioned 

space in the real estate field, is very small. 

Further study would be useful of the relationship between 

capital costs and operating costs of mechanical equipment. It is suggested 

that this study should include: 

i) Studies of rooftop systems In regard to serviceability and 

life expectancy. 

ii) Studies and recommendations of maintenance procedures 

for all types of mechanical system equipment, 

iii) Detalled spece requirement study in relationship to 

els 
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igo MECHANICAL -- General Comments (cont'd) 

mechanical systems to determine the adequate allowance for 

mechanical room. 

iv) A time study on the use of some components of mechani- 

cal systems to determine the value in relationship to cost and 

use. 

A number of items have been reported on such as utility connections and 

parking lot drainage which do not currently come under the grants provided for school 

construction nor are they in this budget. They do however warrant comments insofar 

as they are an integral part of the various aspects which affect the final costs of 

school plant. 

Provision has not been made for air conditioning elementary schools 

insofar as their present use pattern differs sufficiently from junior and senior high 

schools to make this installation of less value. Should it be desired to air condition 

elementary schools, an additional 50¢ per square foot would be required as with other 

schools. 

Bs 
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2.4 ELECTRICAL 

2.4, Elementary Schools 

Bee | a 

ome) oe 

Selection of Schools 

Out of 17 schools available for the Study, eight were selec- 

ted for the in depth electrical study. This selection was made in 

order to obtain a good sampling as far as cost and design is con- 

cerned. The average cost of the electrical installations for the 

17 schools was $1.50 per square foot and the average cost of the 

eight selected was $1.42 per square foot. 

Norm School 

The norm for electrical installations in elementary schools 

was arrived at through study and consideration of the plans and 

specifications of the schools selected, and by examination of the 

actual! installations in these schools through site visits. This 

norm represents the type of electrical installation most commonly 

provided by the designers to meet the requirements of School Boards 

and local codes with some minor adjustment, to produce a design 

considered as an acceptable environment for learning. This norm 

can be described as follows: 

Power Supply - Generally, power is supplied by means of 

BS. 
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4 ELECTRICAL - Elementary Norm School (cont'd) 

a primary underground service to a pad mounted transformer in- 

stalled by the utility, and located adjacent to the school at a 

point as close as practical to maintain a short secondary under- 

ground service to the main distribution panel. This panel is 

located as close as possible to the centre of the load, usually in 

the mechanical equipment room. The secondary service is 120/ 

208 volts, 3 phase, 4 wire to provide a maximum of 6.5 VA per 

square foot. The average connected lighting load was 2.6 VA 

per square foot. In the eight elementary schools studied, the 

average demand was 2.9 VA per square foot. This would indicate 

that services installed providing 6.5 VA per square foot, are 

sufficiently sized to carry some future additions or alterations. 

Main distribution panels generally consist of moulded case, 

circuit breakers complete with metering current transformers. 

Emergency Power - The norm school is equipped with an 

emergency power system utilizing a gas driven motor generator. 

The normal system provides for a maximum of 0.15 watts per 

square foot for lighting corridors and means of egress. The 

generator is rated at 120/240 volt, | phase, 3 wire which facilitates 

+he use of the normal lighting fixtures on the emergency system. 

84. 
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ELECTRICAL ~ Elementary Norm School (cont'd) 

Lighting 

Classrooms Lighting levels in classrooms are generally 100 

FC maintained, obtained by 2/40 watt rapid start surface mounted 

fixtures, with nominal 12 inch acrylic wrap around plastic lens. 

Fixture wattage installed should not exceed 3.2 VA per square 

foot of classroom area. 

Gymnasiums Lighting levels in gymnasiums should not 

exceed 50 FC unless being used for examinations in which case, 

75 FC are permissible. Generally fixtures are fluorescent or 

mercury, with wire guard, with a maximum of 1.5 VA per square 

foot installed to obtain this lighting intensity of 50 FC. 

Corridors Fixtures installed in corridors are generally sur- 

face mounted with an acrylic lens, to produce 30 - 40 FC, using 

1.2 VA per square foot. 

Exterior Exterior lighting is provided at entrances and 

exits. Some floodlighting is included with the fixtures mounted 

on the building parapet. 

Stage Lighting Minimal stage lighting is included, consisa- 

ing of six front of stage spots, with eight 150 watt swivel 

fixtures mounted behind the proscenium arch. Dimmers and 

Bo. 
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+4 ELECTRICAL = Elementary Norm School (cont'd) 

channel mounts are not required. 

Fire Alarm System Fire alarm system is an open circuit, 

supervised, non-coded local system complete with break-glass 

stations, automatic detectors and gongs for general evacuation. 

sound and Intercom System Consists of a main console 

with two channels, one for intercom and one for program, com- 

plete with AM-FM tuner, record player, signal tone generator, 

selector switches, all-call feature and annunciator. Classrooms 

have speakers with ‘talk-listen privacy’ switch. Gymnasiums 

have speakers together with microphones and audio visual inputs. 

All wiring is run in EMT or PVC pipe. 

TV_ System Conduits and splitter boxes only are included 

to all teaching areas for future TV antenna distribution systems. 

Clock System A 4 circuit program signal controller is 

included to control outside horns, and tone generator in the 

sound console. Individual 110 volt clocks are included in cor- 

ridors, gymnasium, open teaching area and office only Clocks 

are not included in classrooms. 

Telephones A two inch underground telephone service 

OG. 
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ELECTRICAL - Elementary Norm School (contid) 

2.4. 

entrance conduit terminated in a telephone cabinet, compiete 

with telephone outlets in the general office area connected 

to this cabinet, is included. 

Miscellaneous Systems Low voltage switching is used 

in the large open teaching areas. Elsewhere line voltage swit- 

ches are used for the various individual rooms. 

Wiring is provided to the various heating and ventilating 

equipment motors with all motor starters included in the electri- 

cal installation. Two or three receptacles are provided in 

each classroom with one located to suit the TV monitor. In addi- 

tion, receptacles are provided in corridors and elsewhere with 

at least one receptacle for each room. Generally, one duplex 

outlet is provided in the parking lot for each 3,000 square feet 

of school area to serve as car heater outlets. 

Unit Costs The major electrical components and various 

systems in each of the eight elementary schools studied, were 

evaluated and costs adjusted to conform to the requirements of 

+he ‘norm’ electrical installation as described above. 

The average adjusted cost of these schools amounted to 

$1.50 per square foot and this has therefore been set as the 

Bre 
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4 ELECTRICAL ~ Elementary School - Unit Costs (cont'd) 

Soave «| 

an.2.2 

electrical budget for elementary schools. 

Recent tender calls confirm that designers are producing 

good designs within this budget and the figure of $1.50 is there- 

fore, realistic. 

2.4.2 Junior High Schools 

Selection of Schools 

Out of the 12 junior high schools available for the Study, 

four were selected for a detailed electrical! analysis. This 

selection was made in order to obtain a good sampling as far as 

cost and design are concerned. The average cost of the I2 junior 

high schools was $1.60 per square foot and the average of the 

four selected was $1.50 per square foot. 

Norm School 

The norm for electrical installations in junior high schools 

was arrived at through study and consideration of the plans and 

specifications of the schools selected, and by examination of 

the actual installations in these schools through site visits. 

This norm represents the type of electrical installation most com- 

monly provided by the designers to meet the requirement of School 

Boards and local codes with some minor adjustment, to produce 

88. 
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.4 ELECTRICAL - Junior High Norm School (cont'd) 

a design considered as an acceptable environment for learning. 

This norm can be described as follows: 

Power Supply - Generally power is supplied by means of 

primary underground service to pad mounted transformer installed 

by the Utility, and located adjacent to the school at a point as 

close as practical to maintain a short secondary underground 

service to the main distribution panel. This panel should be 

located as close as possible to the centre of load. 

The secondary service is usually 120/208 volt, 3 phase, 

4 wire to provide a maximum of 6.5 VA per square foot. The 

average connected lighting load was 2.6 watts per square foot. 

The average power peak demand for non air conditioned junior 

high schools studies was 2.3VA per square foot and for air 

conditioned schools, 3.1 VA per square foot. This provides some 

allowance for future additions and alterations. 

This would indicate that services installed providing 6.5 VA 

per square foot, are sufficiently sized to carry some future 

additions or alterations. Main distribution panels generally 

consist of moulded case circuit breakers with current transformers 

incorporated for Utility metering. 

89). 
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ELECTRICAL - Junior High Norm School (cont'd) 

Emergency Power The norm school is equipped with an 

emergency power system utilizing a gas driven motor generator. 

The normal system provides for a maximum of 0.20 watts per 

square foot for lighting corridors and means of egress. The gen- 

erator is rated at 120/208 volt, 3 phase, 4 wire which facilitates 

the use of the normal lighting fixtures on the emergency system. 

Lighting 

Classrooms Lighting levels in classrooms are generally 

|OOFC maintained, obtained by 2/40 watt rapid start surface 

mounted fixtures, with nominal 12 inch acrylic wrap around 

plastic lens. Fixture wattage installed should not exceed 3.2 

VA per square foot of classroom area. 

Shops Lighting levels, in shops are generally 190 FC 

maintained, obtained by suspended industrial fluorescent fixtures 

or 400 watt mercury fixtures. Fixture wattage installed should 

not exceed 2.9 VA per square foot. 

Gymnasiums Lighting levels in gymnasiums should not exceed 

50 FC unless being used for examinations in which case, pievan 

are permissible. Generally, fixtures are fluorescent or mer- 

cury with wire guard, with a maximum of |.5 VA per square foot 

90:3 
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ELECTRICAL -— Junior High Norm School (cont'd) 

instal lec TO obtain this lighting Intensity of 50. FC. 

Corridors Fixtures installed in corridors are generally 

surface mounted with an acrylic lens, to produce 30 ~ 40 FC 

using |.2 VA per square foot. 

Exterior Exterior lighting is provided at entrances and 

exits. Some floodlighting is included with the fixtures mounted 

on the building parapet. 

Stage Lighting Included is one channel mount 24 feet 

long, two channel mounts, 4 feet long, six circult 12 KW dim- 

mer and |2 fixtures. 

Fire Alarm System Included is a closed clroult, super= 

vised zoned non-coded, local system complete with annunciator, 

break-glass stations, automatic detectors and gongs for 

general evacuation. 

Sound and Intercom System Consists of a main console 

with two channels, one for intercom and one for program, com- 

plete with AM/Fi4 tuner, record player, signal tone generator, 

selector switches, all-cal! feature and annunciator. Classrooms 

have speakers with ‘talk-listen-privacy” switch. Gymnasiums 

have speakers, with audio-visual inputs, tegather with micro- 

phone inputs. 

Ol. 
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"2.4 ELECTRICAL - Junior High Norm School (cont'd) 
IV_System - Conduits and splitter boxes only are included 

to all teaching areas for future TV antenna distribution systems, 

Clock System - A 4 circuit synchronous motor driven pro- 

gram signal controller is included to control outside horns, and 

the tone generator in the sound console, Individual 110 volt 

clocks are included in corridars, gym, shops, library and home 

economics areas, Clocks are not included in all classrooms, 

Telephones - A two inch underground telephone service 

entrance conduit terminated in a telephone cabinet, complete 

with telephone outlets in the general office area connected to 

this cabinet, is included, 

Miscellaneous Systems - Low voltage switching is used 

in the large open teaching areas, Elsewhere line voltage swit- 

ches are used for the various individual rooms. 

Wiring is provided to the various heating, ventilating and 

air conditioning equipment motors with all motor starters included 

in the electrical installation. Two or three receptacles are pro- 

vided in each classroom with one located to suit the TV monitor, 

In addition, receptacles are provided in corridors and elsewhere 

with at least one receptacle for each room, Generally, one 

o27 
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ELECTRICAL - Junior High Norm School (cont'd) 

duplex outlet is provided in the parking lot for each 3,000 

to 3500 square feet of school area to serve as car heater out- 

lets, 

Wiring is also included to the electrical equipment in 

the Industrial Arts and Home Economics areas, 

2.4.2.2 Unit Costs - The major electrical components and various 

systems in each of the junior high schools studied, were evalu- 

ated and costs adjusted to conform to the requirements of the 

"norm" electrical installation as described above, 

The average adjusted cost of these schools amounted to 

$1.52 per square foot for schools with air conditioning and 

$1.49 per square foot for schools without air conditioning. The 

figure of $1.55 has been set as the electrical budget for junior 

high schools, 

2.4.3 Senior High Schools 

2.4.3.1 Selection of Schools 

Out of eight senior high schools available for our Study, 

four were selected for an in depth electrical study. The aver- 

age cost of the eight schools was $2.09 per square foot and the 

average cost of the four studied in detail was $27,05 Der SQ.2 Tir 
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2.4 ELECTRICAL - Senior High Schools (cont'd) 

The selection was made in order to obtain a good sampling 

as far: as cost and design are concerned. 

Norm School 

The norm for electrical installations in high schools was 

arrived at through study and consideration of the plans and spec- 

ifications of the schools selected, and by examination of the 

actual installations in these schools through site visits. This 

norm represents the type of electrical installation most common | y 

provided by the designers to meet the requirements of School 

Boards and local codes with some minor adjustment, to produce 

a design considered as an acceptable envirnment for learning, 

This norm can be described as follows: 

Power Supply - Generally, power is supplied by means of 

a 13.2 KV primary service with primary switchgear, secondary 

switchgear and transformers included as a part of the school de- 

sign and cost, This switchgear is centrally located and power 

is distributed from it at 347/500 volts or 271/480 volts, 3 phase, 

4 wire. Dry type transformers are located throughout the school 

+o further transform this distribution voltage to 120/208 volts for 

receptacles, incandescent lighting, etc. 

94, 



} re =m il — 

‘Re — 
. ey al 4 7 a - e 

; 
a . , a 7 gntiqnaa bong # eigtde of iotie 1! ote" wae miphtosio® wT Jer /as 

,verecnes os ppleab pas Fens as Te en ac 

Lom engi SE bS 
tow 2loudoe felt nl enoifelteten! |aol-igety sat meer gett 7 

da bra ccela aft Yo sottereb! ner bre yore deweartt te bowhrte , Re 

ef? 34 coitenines yd bre ,betoelee Sloodse ont anni teat HL a if ’ 

HT set ais atle "pony etoorze seat ni anoltalistemn fentoe 

lnonwnes teow noltellateni lealctoole Yo ooyt gat e*ngeatget mon. 

loode to etnemettupey ect tsem ot ctonpleeh edt vo Bebiweg 

eoukoIg of ,Taenteu|oe toni" omoe thiw ested faao? Ome ab7608 | 

Jonata ~ wy taanytivne slidetqosss 16 326 beteh end ogized 6 

-gwollo?t 26 bad!toae ed Rap meen SI8T 45 

to ere vd bel lqque ef stew ,y! lotened = gieque jewd 

Méebaoase .teaptotlwe yoemine atiw osivese yoni A EC) ef, 

sh. |Govee ai? to eG ¢ 25 bebvion| mvenholenaal Dos NeepdStiwe a 

awog bnG butsue! VilerTase ef veepdetive efdT .*#6a, 66 opie 

—_ i ,@Ttov. O60\ITS 9 eticy O6>' Tat te ti mond bated vhetb ef 

ieodiow ett twotquow!t betaso! eve etemcteney? egvt 110. .aviw & ow 

gtiow ROS\OLI of aqatioy noitidi tiaio eiat mwtannyt sadtut of 

| 818 yanitdp! | Taessetnaan! ,aeloetqeges 



2,4 ELECTRICAL - Senior High Norm School (cont'd) 

The average maximum demands for the schools studied, 

including air conditioning was 3.56 VA per square foot. The 

highest demand encountered on any school was 4,35 VA per 

square foot, As for elementary and junior high schools, it 

would =ppear that 6.5VA per square foot is generally ample 

provision in the electrical capacity for senior high schools 

unless known future additions are contemplated. 

Primary switchgear generally consists of fused interrupter 

switches, and secondary switchgear consists of alm clreutt 

breakers and moulded case circuit breakers selected for the short 

circuit interrupting capacity required. 

Emergency Power - The norm school is equipped with an 

emergency power system utilizing a gas driven motor generator. 

The normal system provides for a maximum of 0.20 watts per 

square foot for lighting corridors and means of egress. The 

generator is rated at distribution voltage, 3 phase, 4 wire 

which facilitates the use of the normal lighting fixtures on 

“the emergency system, 

Lighting 

Classrooms - Lighting levels in classrooms are generally 
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ELECTRICAL - Senior High Norm School (cont'd) 

IOOFC maintained, obtained by 2/40 watt rapid start surface 

mounted fixtures, with nominal 12 inch acrylic wrap around 

plastic lens, Fixture wattage installed should not exceed 3.2 

VA per square foot of classroom area. 

Shops- Lighting levels in shops are generally 100 FC 

maintained, obtained by suspended industrial fluorescent fix- 

tures or 400 watt mercury fixtures, Fixture wattage installed 

should not exceed 2,9 VA per square foot. 

Gymnasium - Lighting levels in gymnasium should not 

exceed 50 FC unless being used for examination in which case, 

75 FC are permissible. Generally fixtures are fluorescent or 

mercury, with wire guard, with a maximum of 1.5 VA per 

square foot installed to obtain this lighting intensity of 50 FC, 

Corridors - Fixtures installed in corridors are general ly 

surface mounted with an acrylic lens to produce 30 - 40 FC 

using |.2 VA per square foot. 

Exterior - Exterior lighting is provided at entrances and 

exits. Some floodlighting is included with the fixtures mount- 

ed on the building parapet. 

Stage Lighting - An allowance in amount of 6¢ per square 

96 
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ECTRICAL - Senlor High Norm Schoo! (cont'd) 

foot has been Included for supply of the stage lighting equipment. 

It is considered that this amount will allow an acceptable stage l 

lighting system including channel! mounts, dimmers, quick conn- | 

ect panel, floor pockets, and fixtures, 

Fire Alarm System - Included is a closed circuit, super- | 

vised, zoned non-coded, local system complete with annunciator | 

break-glass stations, automatic detectors and gongs for general 

evacuation, | 

sound and Intercom Systems - All allowance in amount of 

l1¢ per square foot has been included for the supply and instal la- 

tion of a sound and intercom system, It is considered that this 

amount will allow an acceptable system generally described as 

fol lows: | 

a) The sound system would be a two channel system, complete 

with AM/FM tuner, record player, sIgnal tone generator, i 

all-call feature for paging, Speakers would be included in 

classrooms, corridors, gymnasiums, etc, A portable PA ! 

system is included, 

b) The intercom system would be an internal manual telephone 

system complete with telephone handsets at each local. 

RS 
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ELECTRICAL - Senior High Norm School (cont'd) 

IV_System - Conduit and splitter boxes only are included 

from a possible central studio location to all teaching areas for 

future TV antenna distribution systems, 

Clock System - A six circuit synchronous moter driven 

master clock and program signal controller, together with syn- 

chronous wired indicating clocks is included, Clocks are incl- 

uded in corridors, cafeteria, library, shops, auditorium and 

major study areas, but not in all classrooms. 

Julephones - A two inch underground telephone service 

entrance conduit terminated In a telephone cabinet, complete 

with telephone outlets in the general office area connected 

to this cabinet, is included, 

Miscellaneous Systems - Wiring is Included to all heating, 

ventilating and air conditioning motors with motor starters sup- 

plied as a part of the electrical installation, These starters 

are either individually mountec or are grouped in motor control 

centres, 

Power supplies to the various industrial shop motors, welders 

etc. are included, with motor starters Included as a part of the 

equipment, Each shop is wired to a separate panel arranged for 

98. 
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ELECTRICAL - Senior High Norm School (cont'd) 

locking off power to equipment, 

Minimal underfloor duct systems are included for language labs 

and typing rooms, 

Wiring for variable AC/DC distribution systems, antenna 

systems and 120 volt outlets, is included for bench wiring In 

electrical and electronics labs, Minimal variable AC/DC sup- 

ply equipment is included, 

Wiring to kitchen and cafeteria equipment is included as 

a part of the electrical installation, Parking lot outlets for car 

heaters are included based on one duplex outlet per 3600 to 

4000 square feet, Minimal parking lot lighting is included. 

277 and 347 volt line voltage switching is included and util- 

ized to a maximum extent, Use of low voltage switching is 

minimized. 

Receptacles are Included with at least one installed in 

each room, and at each possible TV monitor location. 

74,9, 5 Unit Costs 

The major electrical components and various systems in 

each of the four senior high schools studied, were evaluated 

and costs adjusted to conform to the requirements of the "norm" 

Bo), 
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ELECTRICAL - Sentor High Norm School (cont'd) 
electrical installation as described above, The average adjusted 

cost of these schools amounted to $1.90 per square foot and this 

has therefore been set as the electrical budget for senior high 

schools, 

Recent tender calls confirm that designers are producing 

good designs within this budget and the figure of $1.90 is there- 

fore considered realistic, 

2.4.4 Summary of Unit Costs 

A summary of the unit cost established in Section 2.4 gives the 

following detailed budgets per square foot, 

- $1.50 for elementary schools, not air conditioned 

- $1.55 for junior high schools, air conditioned 

- $1.90 for senior high schools, air conditioned and includ- 

ing primary substations, 

2.4.5 General Comments 

During the course of the study discussions were held with various 

parties including School Board officials, school personnel, architects, 

engineers, contractors and suppliers, 

These discussions have brought forth worthwhile observations 

on practices which though not generally current should be brought to the 

100. 
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ELECTRICAL - General Comments (cont'd) 

attention of schoo! designers. 

In most cases where the intercom facility is separate from the 

sound system, separate conduit is being run for each system, Single con- 

duits could be run to accommodate both systems, and if multi-conductor 

cables or shielded cables were employed, the result would be satisfactory, 

Plastic pipes instead of steel pipes should be considered in many 

instances, as should running open wiring above accessible ceilings to 

decrease the cost of this system, 

The need to communicate between classrooms is questioned on 

+he Intercom systems. Granted, there are certain areas In the school 

where there is need for intercommunication, for example, between dep- 

artment heads, the janitor, vice-principal, etc,, however, this can 

readily be arranged on manual intercom systems without the use of an 

automatic dial exchange system, 

Some Schoo! Boards are specifying custom built sound and in- 

+ercom systems adding considerably to the cost of these systems, If 

standard manufactured systems could be employed there would be cost 

savings. 

Certain schools contain emergency generators sized to operate 

the heating plant in addition to the emergency lighting. This practice 

is questioned, particularly in urban areas where the reliability of utill 

LOLs 
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ELECTRICAL - General Comments (cont'd) 

power supplies is excellent. 

Regardless of the auality of the lighting system installed, 

there appears to be few, if any, complaints in regard to this item. 

Teaching staff like a high level of lighting, however, they are not aware 

of quality considerations such as brightness, glare, etc. There are many 

instances where excessive amounts have been spent from a quality standpoint 

only and this does not appear justified due to the lack of complaint in 

regard to quality of lighting. 

There are many instances where the lighting levels in corridors 

are excessive. Thirty to forty foot candles is adequate and in many instan 

ces the quantity is in excess of this amount. There are also instances 

where the quality of lighting fixture is excessive unless*it 1s° justified 

from an aesthetic standpoint. 

There are many instances in regard to aymnasium where tne lighting 

levels are excessive. Fifty foot candles is more than adequate to meet the 

reauirements for sports. Some Schoo! Boards ask for seventy-five foot 

candles as these areas are sometimes used for examinations. There are, 

however, many instances where the lighting levels are far in excess of 

this figure and in some cases as high as two hundred foot candles. 

Extensive underfloor duct systems have been provided in the 

1Q2 
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ELECTRICAL ~ General Comments (cont'd) 

libraries of some senior high schools to allow for listening carrels. {+ 

would be much more economical to ascertain the exact location of these, 

and rough in conduit to their exact location rather than provide exten- 

sive underfloor duct systems which are only partially utilized. 

The compactnessof the school layout is a major factor affecting 

the cost of electrical distribution systems. 

Generally, primary switchgear and transformers should be 

supplied and installed by the Power Company since this increased capital 

expenditure when incorporated as a part of the school cost, cannot be 

justified in relationship to the savings that accrue through purchasing pow- 

er on a primary basis. 

The location of the electrical room is important to facilitate 

this and should be considered during the early design stages. 

It would appear desirable for School Boards and tne Province 

to give considerable thought to the type of communication systems 

being installed in schools. 

Considerable technological change is taking place in this 

area, and particularly In consideration of the trend for audio-visual 

aids compatibility of these systems through the Province will likely 

prove necessary. 
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‘ELECTRICAL - General Comments (cont'd) 

Insofar as these developments are taking place at a rapid rate, 

close coordination with the agencies who will be responsible for trans- 

mission and utilization should be maintained so as to avoid installation 

of potentially redundant equipment. 

There is a real need to evaluate and consider the following 

systems from and education standpoint to determine their adequacy and 

to ensure that their costs are justified in relation to the use obtained. 

(a) Extent of clock coverage, 

(b) Sound systems to determine whether the program channel 

is utilized effectively, 

(c) Type of TV antenna cistribution system required to meet 

the present and anticipated requirements of ET, 

(d) Type and extent of stage lighting system. Must each 

school be fully equipped or can additional equipment be 

requisitioned as required from central stores? 

A number of components have been reported on in This report 

such as parking lot lighting and car plugins. Although they are pore (his 

cluded in the normal grant formula or in this budget, they do in many 

cases form an integral part of the school cost and it was deemed worth- 

while to deal with them. 
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~ GENERAL CONDITIONS 

In order to facilitate the analysis of the various components of a building 

we have lumped under one heading the indirect general constractor's costs such as 

costs of insurance, bid and performance bond, site supervision, heating, cleaning, 

indirect materials, site overhead, profit, contingencies, etc. 

We have found from the in depth study of the schools that the average 

of these costs are as follows: 

- $1.50 per square foot for buildings up to 50,000 square feet. 

- $1.30 per square foot for buildings between 50,000 square feet and 

150,000 square feet. 

- $1.10 per square foot for buildings larger than 150,000 square feet. 

We have adopted these figures as our budget figures. 

105 



ax. > s 

Ibiiudt « fo etasnogmes avol tev adt yo alaylens ent ote! | 

lsu etza2 etyotostaneo lene terial ort! pnt bea. enc 

ningels .prifesd noletwreque shiz. stn eonemmtieg bos. bid 

ots ,eeionapnl tres tito. beethavo etie | 

speisve sot tert Boorse sit Yo ybute Migab Wt ear mot? vavot ever oa 

_teot eraune 000,0¢ ot qu apribliod 46% Foot eveupe: 2. 12s ; 

boae tact evaune 000,02 acewted 2pnieligg ter toc? ersupe. 13q OF. 12. -) 

-tse+ ereupe 000,081” 7 

fey? araupe PO0\0C! asi? yep at agridj iad set toa? seupe 9q O11 = 7 

-esrwoit teebyd two @6 eeauRl) eee betqobs ever et i 



ECIAL CONDITIONS 

In the cases submitted for study none had exceptional conditions such as 

drilling of water wells, building of sewage disposal plants, extremely unusual 

foundation conditions or other such installations. 

We have, on the other hand, observed that a number of schools required 

short pite foundations. 

But in each of those cases the depth of piles was not greater Than 25 

feet and the savings on the footings were such that it compensated for the cost 

of the piles and even sometimes produced actual savings. 

The total cost of the pile foundations was approximately the same as 

the standard foundations with walls and footings and, therefore, standard friction 

pile foundations up to a depth of 25 feet should not be considered as special 

conditions. 

However, we recognize that there is a possibility that certain 

exceptional conditions could cause additional expenses. Fach one should be 

studied and evaluated on its own merit. The construction budget suggested further 

in this report does not allow for those special conditions. 
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INTEGRATED EQUIPMENT 
h 11 

Integrated equipment includes items which are not necessarily part 

of the buildings but need to be installed at the time of construction. 

These Intems include generally the following: 

counters and cupboards 

bookshelf units 

movable wardrobe 

study carrels 

overshoe racks 

shelving 

display cabinets 

chalkboard and tackboard 

understage chair storage dollies 

lockers 

stage drapes, tracks and curtains 

benches 

kitchen equipment 

some fixed shops equipment such as lifts, spray booths, etc. 

bleachers 

etc. 
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e207 INTEGRATED EQUIPMENT (cont'd) 

Depending on the architectural concept the items which need to be 

Incorporated to the buildings vary from one schoo! to another. It also 

varies for the three types of schools that is elementary, junior and senior 

high schools. It was observed that the following amounts are normal ly 

adequate to cover the cost of the above items: 

- elementary schools = $0.80/sq. ft. 

- junior high schools = $1.00/sq. ft. 

- senior high schools = $|.30/sq. ft. 

These amounts were used in the recommended budget. 
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SITE_IMPROVEMENT 

There was a wide range in the sums of money spent for site improve- 

ment which varied in proportion to the extent and complexities of the 

improvements made. It was found that the average cost of the site improve- 

ment was: 

~ $0.30/sq. ft. for elementary schools 

SseHOs50fsquett. for junior high schools 

- $0.40/sq. ft. for senior high schools. 

That would provide for: 

- | parking place per 1500 square foot for elementary schools 

- | parking place per 1600 square foot for junior high schools 

- | parking place per 1800 square foot to 2000square foot for 

senior high schools. 

The cost of site improvement is not included in the recommended budget. 
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CONTINGENCIES 

on The amount of $0.30 per square foot has been allowed for the continger 
= 

cles. The actual exact average amount spent on this item could not be 

established due to the fact that many of the schools were recent buildings 

for which no such figures were yet available. The amount budgeted for by 

the School Boards was therefore used for our recommended budget and this 

amount seems adequate. 
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PART _I 11 - CONSTRUCTION BUDGET 

ESTABLISHMENT OF BUDGET 

From the information gathered in Part Il, the following construction budget has 

been established. This budget, it is felt, ts adequate to construct the schools 

described previously in this report. The budget Is shown in the following table. 

dphriel E- 5 

CONSTRUCTION BUDGETS 

Elementary-non Junior High-altr Senior High-air 
alr conditioned cond! tioned conditioned 

COST/SQ. FT. OF GROSS AREA 

General Conditions 5 1.50 $ 1.30 ». Salsio 

2. Architecture 
a) Roofing 0.50 Qe45 0.35 
b) Exterior Walls 1525 [10 0.90 

c) Interior walls & finishes 3.05 2.85 2455 

Structure 

a) Foundations | .40* | .40 | .00 

b) Superstructure [ .50 |e 90 | .90 

Mechanical 
a) Plumbing | 02 eke Le 

b) Heating & Ventilation 2.20 24D ‘ 

Electrical | .50 Lae 1.90 

; ba) 8) 
5. Integrated Equipment 0.80 | .00 [.3 

0.50 
7. Contingencies 0.30 0.30 

TOTAL $154.05 5 Reese, $15.10 

ales 
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ot | ESTABLISHMENT OF BUDGET (cont'd) 

It should be noted that these budgets do not include: 

- Fees (architectural, engineering or others) 

Site development costs 

Land cost 

Sales tax credits 

- Special conditions such as unusual site or soil 
conditions. 

The above construction budgets should not be exceeded under normal 

condttions and apply to the present and expected conditions in the construc- 

tion industry for the comming year unless drastic economic changes take 

place. Based on normal technological advancement and market conditions, 

designers should be able to work within these budgets and provide a 

satisfactory school plant. 

There is a greater difference between the actual unit costs and the 

recommended budget for senior high schools than for the elementary and 

junior high schools. The study group has paid special attention to this 

situation and generally It was found that the senior high schools were 

designed with higher quality standards which added very little as far as 

the educational needs or durability of the buildings were concerned. Con- 

sequently, for a senior high school built in accordance with the standards 

established previously In this report, no change in the recommended budget 

was deemed necessary. 

We recommend that the allocation for the various items of the budget 
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ESTABLISHMENT OF BUDGET (cont'd) 

be redistributed to take into account particular design features of each 

Individual project. Such an itemized budget should be agreed upon by the 

consultants concerned with the design and receive the owners approval. 

Attention is drawn to the fact that the amounts used for the various 

items making up the total budget are not meant to be applied to every 

school. These amounts were established considering a conventional school. 

It is not the intention of the study group to suggest that al! schools 

be built along the same basic architectural concept. Whenever necessary, 

the allocation for the various items should be redistributed to take 

into acount each individual project. If, for instance, it was decided 

that a certain school was to have exposed structural members in lieu of 

suspended ceilings, the detailed budget for that school would have a 

smaller amount allocated for interior finishes and a greater amount for 

the structure. 

FACTORS AFFECTING THE BUDGETS 

Table |, Page 9 gives the list of the various schoolsstudied, their 

size, date of tender and their cost per square foot. An examination of 

this table shows that in actual fact there was no relation between the 

unit cost per square foot and the date of tender. Furthermore, the study 

group found that there was no pattern of relationship between the unit 

cost and either the location of the schools or theiracsthetic value. These 

factors are, however, discussed in further detail later on in this section. 
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FACTORS AFFECTING THE BUDGETS (cont'd) 

To explain this situation the various factors affecting costs wil| 

be reviewed as follows: 

- Design concepts 

- Detailing of plans 

- Specification of materials 

- Local code requirements 

- Time of tendering: 

a) winter conditions 

b) market conditions 

- Completion schedule 

-- Location of construction job. 

PY 4a Design Concepts 

A complicated layout is invariably tied to a higher 

cost school. It influences the cost of all components of a school such as 

foundation structure, the mechanical and electrical systems. As mentioned 

in Part Il, it also increases, generally, the ratio of exterior walls 

to floor area. 

It is suggested that even with a compact layout, care in the 

design of structural, mechanical and electrical systems is 
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FACTORS AFFECTING THE BUDGETS (cont'd) 

required to avoid increasing the cost of such installations 

unnecessarily, without increastng the performance of the buildings. 

O.e.2 Dotalling of Plans 

ake 

Simplicity and untformity of detailing will do much to 

reduce the cost of a bullding and tn many Instances will enhance Its 

aesthetic value. In high cost schools It was observed that often, 

the details shown on the plans were unnecessarily complicated and 

uncoordinated. There was not enough repetition of elements to take 

advantage of volume purchasing. This also tended to create compli- 

cations in ordering, delivery, storage, handling and Installation on 

the construction site which was reflected in higher costs to the 

builders. 

Specification of Materials 

Concise and complete specifications are to be highly 

recommended. Cumbersome and too restrictive specifications will add 

unnecessarily to the cost. It was observed that in some cases the 

use of only one product was allowed. Where suitable alternate 

materfals are available a competitive situation should result in 

lower costs. Also, the practice of Including provisional sums for 

a number of items should be kept at a minimum, 
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FACTORS AFFECTING THE BUDGETS (cont'd) 

pee.4 

~ Spe, 

Care and attention to the {tems mentioned including care- 

ful adherence to the proper ratios of such items as wall to floor 

area, percentage of window areas, systems concepts, should result in 

an economical plant. Fallure to observe the concepts of good design 

can have a material effect on the cost of the building. 

Local Code Requirements 

Most school plants are built according to the requirements 

of the National Building Code. The major cities have their own 

amendments to this code which Influences the design of certain compo- 

nents of buildings. It was found that these amendments did not 

affect the cost of any school buildings appreciably from one city to 

the other since each one has its own special requirements which seem 

to offset their individual effects on costs. Nevertheless, these 

code requirements should be rationalized. 

Time of Tendering 

3.2.5.1 Winter Conditions 
There is no doubt that ff construction of a school 

takes place between March and November there is a saving in 

construction costs over one which is built between November 
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FACTORS AFFECTING THE BUDGETS (cont'd)) 

BVEt 5s 2 

and May. The difference in cost to the general contractor 

Is in the order of $0.15 per square foot. 

In practice, however, seldom will the owner of a 

building benefit from all of this saving. The reason being, 

that very often the construction period extends for more 

than the seven months between March and November, and also 

a builder will normally anticipate, and make allowance for, 

some delay In delivery of some critical equipment or 

materials and delays in the performance of the subconstrac- 

Tors. 

Therefore, the time of tendering, inasmuch as winter 

conditions are concerned, does not affect to any large 

extent the cost of a school plant. 

Market Conditions 
If a tender call for a school were to coincide with 

those of many other buildings, it can be expected that 

competition may be reduced and therefore the bids submitted 

may be accordingly higher. 

This situation in the present highly compet! tive 

field of construction seems to happen seldom and only under 
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5.2 FACTORS AFFECTING THE BUDGETS (cont'd) 

exceptional conditions. I+ Is rather difficult to appre- 

clate with any degree of accuracy the effect of such 

conditions. It his, however, doubtful that thls has re- 

sulted fn blds higher than 3 to 5% above normal or has 

increased the cost of a building by more than $0.45 to 

$0.75 per square foot in the schools studied. Care and 

attention should be paid to the number of tenders antici- 

pated at any particular time so as not to overload the 

tendering procedures. 

Completion Schedule 

If for reason of urgency the completion of a new school was 

requested by the owner in such a short period that overtime or 

double shifts was required on the part of the builder, there is 

little doubt that the tender prices would be increased. The extent 

of this penalty, should, where possible, be determined in advance 

of tendering. StInce this Is a very exceptional situation, it should 

be treated as such and the budget adjusted accordingly. Under 

normal conditions a builder has much to gain by completing a construc- 

tion project early and his efforts are normal ly directed to that end. 
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FACTORS AFFECTING THE BUDGETS (cont'd) 

Bc! Location of Construction Job Site 

One would expect that a school built in Or near an urban centre 

would cost less than the same school built in a smaller centre or rural 

area, this because of the added cost of transportation and boarding of 

specialized tradesmen. 

The average actual cost for schools outside of these centres was 

approximately 6% higher than the average of the Edmonton-Calgary area 

schools prior to adjustment. After adjustment there was no noticeable 

difference. Since other factors influence the cost such as the 

architectural layout and the choice of mechanical and electrical systems, 

etc., we cannot conclude that these statistics represent necessarily the 

assumption that it is more expensive to build outside the urban centres. 

Consultations with trade sub-contractos were not conclusive either. 

In extremely remote or isolated areas, not reviewed in this study, 

an adjustment to the budget would certainly be required. 

The figures mentioned in the previous sections are meant to 

show the relative importance of various factors on the overall cost of 

school plants. These factors are to various degrees under the control 

of the Schoo! Boards and school designers, except for the influence of 

the location of the construction job site. 
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FACTORS AFFECTING THE BUDGETS (cont'd) 

Other factors such as the advancement of technology 

In the constructton Industry, the development of new materials. the 

Inflation and the upgrading of schoo! plants due to new teaching 

requirements wlll be treated In the next section, 

CONSTRUCTION COST TRENDS AND PERIODICAL BUDGET ADJUSTMENTS 
The following factors are not under the control of 

Schoo] Board or schoo] designers and have an effect on the overal | 

cost which cannot be overlooked, 

There are: 

- Advancement of technology In the construction Industry, 

- Development of new materials, 

- Inflation, 

- Change in school plants due to new teaching requirements. 

The first two factors mentioned above have a tendency of 

reducing the construction cost of building while the last two 

factors cause It to increase. |t seems impossible at this time 

to evaluate even approximately the end results of these factors 

using a theoretical approach. 

One method to adjust the budget for these changes could 

be to take the yearly average of actual construction cost and adjust 

the budget accordingly. This method has serious drawbacks in the 
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CONSTRUCTION COST TRENDS AND PERIODICAL BUDGET ADJUSTMENTS (cont'd) 

sense that it does not take Into consideration the quallty and 

efficiency of the various designs and does not show the areas 

where Improvement could be achieved. 

Instead i+ is proposed that the actual cost for each school 

be adjusted either downward or upward to conform with the standards 

established as has been done In this Study. From these adjusted 

costs an average could then be made whIch could serve to re-adjust 

the budget yearly. 

Sees | Detailed Estimate 

In order to facilitate the Study mentioned in the 

previous paragraph, and for other reasons that we mention 

below, we recommend that for each construction project a 

detailed estimate be made from the final plans and 

specifications. This estimate should be similar to a 

contractor's estimate showing quantities and 

Lge 
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3.3 CONSTRUCTION COST TRENDS AND PERIODICAL BUDGET ADJUSTMENTS (cont'd) 

for each Item. Such an estimate would have the following 

advantages: 

School Boards could better visualize how and 

where the money is spent on their schools, 

more precise comparisons could be made with other 

schools, 

meaningful statistics could be compiled which would 

yield valuable information to the Department of 

Education, the School Boards, architects and engin- 

eers, 

promotion of ever increasing efficiency of designs 

and cost control, 

promotion of closer cooperation between architects, 

engineers, builders and suppliers at the design 

stage, 

would allow corrections to plans and specifications 

before tendering if there are indications that the 

project would be too costly. As a result there 

would be general satisfaction that the price 

recelved is in fact the low price for the project 

in question. 
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CONSTRUCTION CCST TRENDS AND PERIODICAL BUDGET ADJUSTMENTS (cont'd) 7 e 

By3.2 Cost Information from Builders 

In order to verify and correct the detailed estimate, it would 

be advisable to include, with the tender documents, forms requesting a 

breakdown of the tender price. The breakdown could, for instance, 

correspond with the items of the recommended budget as shown in Part I11, 

Table 5. This could be requested as part of the bidding procedure. 

124, 
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PART IV - SPACE AND COST PER STUDENT 

So far, In this report, only the unit cost per gross square foot of floor 

area of school bulldings was considered. I+ is generally a fair, practical and 

meaningful method of comparison of building costs. However, for schoo! adminis- 

+rators and planners, the unit space and cost per student basis is vita! fnforma- 

tion needed for future planning. This part of the report analyses this aspect of 

+he case histories. In PartlV the costs per student exclude the costs of integra- 

ted equipment, site development and spectal conditions. 

ELEMENTARY SCHOOLS 

.| Space per Student 

Graph | (page 135) shows the gross total recognized area per student 

for the schools studied. The recognized area varies somewhat for schools 

of the same capacity due to the fact that all schools do not have the same 

number of regular classrooms. These regular classrooms are replaced by 

other types of rooms which In some cases require more or less floor area. 

Graph | (page 135) shows that as the schools get larger in terms 

of student, the space required per student decreases. The dotted line on 

this graph Indicates the maximum recognized space per student under the 

present regulations. 

Graph 2 (page !36) shows the actual, as built, space per student 

25 
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ELEMENTARY SCHOOLS - Space per Student (cont'd) 

Mel. Z 

for the schools studied, The deviation of the actually built areas from 

the recognized areas Is more readily visualized In Graph 3 (page 137) 

which shows the percentage of deviation for each one of the schools, 

Seven (7) of the schools were bullt with less than the recognized area by 

[4 to 4%. Four (4) schools exceeded the recognized area by less than 1% 

and six (6) schools exceeded the recognized area by 3 to 15%. The major 

discrepancy for those last six schools can be attributed to the shelter 

rooms Included in their design, and not recognized under the regulations 

pursuant to the School Buildings Act - Alberta Regulations 199/68, It 

should also be noted that in everyone of the elementary schools studied, 

the Instructional areas actually built varied very litile from the recognized 

areas. 

Cost per Student 

Graph 4 (page 138) shows the actual cost per student for the schools 

studied. There is a wide variation between schools of the same capacity. 

In some cases not only did the area per student exceed that of other 

schools of comparable size, but the unit construction cost was also higher. 

The cost result of those two components is shown on the graph. 

Also shown on Graph 4 (page 138) Is an "Upper Limit" line for a 

ratio = 65/35. This line comes from the multiplication of the maximum 
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ELEMENTARY SCHOOLS - Cost per Student (cont'd) 

space per student (Graph |) by the maximum budget recommended. Of 

the schools studied, seven (7) exceeded the "Upper Limit" by 4.5 to 30% 

and nine (9) were below by | to 14%, The "Upper Limit curve indicates 

that the cost per student decreases with the increased capacity of the 

schools. The maximum cost for a 250 student school is shown as $1,400, 

while the maximum cost for a 550 student school is $1,210., a difference 

Of [S/67. 

JUNIOR HIGH SCHOOLS 

4.2.1 Space per Student 

The recognized total area per student and the actually built area 

per student has been shown In relation to the capacity of the schools, on 

Graphs 5 and 6 respectively (pp 139 - 140). It should be noted that in 

the case of all the schools studied, the recognized total area has been 

based on a ratio of instructional to non-instructiona! area of 60/40. 

This ratio has since been changed to 65/35 thus reducing the recognized 

total space per student by 7.3%. 

Graph 7 (page 141) shows both the deviation from the recognized 

area based on 60/40 ratlo which governed at the time of design and also 

the deviation from the new ratio of 65/35. In the first case only one 

ear 
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JUNIOR HIGH SCHOOLS - Space per Student (cont'd) 

school exceeded the recognized area and by less than 1%. Al! other 
schools were bullt+ with approximately 2 to 14% less Space than recog- 

nized. 

[If we reduced the recognized area by 7.3% to conform to the 

new ratio of 65/35, then the majority of the schools would exceed the 

recognized area. It is to be expected, however, that if the new ratio 

of 65/35 had been In application at the time the schools were designed 

this would most likely have influenced their design and would have re- 

duced the total actual area, 

The dotted IIne on Graph 5 (page 139) shows the maximum re- 

cognized space per student based on the ratio 60/40, There is a very 

substantial decrease of maximum space required per student with the in- 

creased capacity of the schools. A 250 student junior high school re- 

quires a maximum of 185 square feet per student whereas a 700 student 

school requires 107 square feet or 43% less space. 

4.2.2 Cost per Student 

The actual cost per student was plotted against the capacity 

of the schools for the junior high schools as shown on Graph 8 (page 

142). In this case the actual cost follows the theoretical trend shown by 
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4.2 JUNIOR HIGH SCHOOLS - Cost per Student (cont'd) 

the "Upper Limit" curves. 

The two curves shown on this graph represent the cost per student 

obtained by multiplying the maximum space per student (Graph 5) by the 

recommended budget for a ratio 60/40 in one case and in the other case 

for a ratio of 65/35. 

Five of the schools exceeded the "Upper Limit" 65/35 by up to 

24% while seven were below the same limit by up to 33%. 

These curves show that the cost per student decreases sharply as 

the capacity of the schools increases. For instance using the "Upper 

Limit" 65/35 curve, we find that for a 250 student school the cost per 

student is $2,290.00, whereas the cost is $1,280.00 for a 700 student 

school for a difference of 44%. 

4.3 SENIOR HIGH SCHOOLS 

4.3.1Space per Student 

Graph 9 (page 143) shows the relationship between the space 

per student and the capacity of the schools in students for the actual areas 

built for the eight (8) schools studied. The trend for these eight (8) 

schools is the reverse of the trend observed for the elementary and junior 

high schools. 
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SENIOR HIGH SCHOOLS - Space per Student (cont'd) 

Because of the small number of schools available, their differ- 

ence in size and the fact that they included vocational shops, meaning- 

ful statistics on recognized areas could not be established. 

Seo. 2 Cost Per Student 

Graph 10 (page 144) shows the relationship between the cost per 

student and the capacity of school in terms of students. As in the previ- 

ous graph no definite trend can be detected. 

+4 GENERAL COMMENTS AND RECOMMENDATIONS 

4.4.1 Elementary Schools 

Graph 2 (page 136) showing the space per student in relationship 

with the capacity of the schools indicates that in this respect most elem- 

entary schools are within a fairly close range if allowances are made for 

the shelter rooms that some School Boards have added in some cases. Yet 

Graph 4 (page 138) shows a wide discrepancy between their cost per 

student. While the cost per student should be decreasing as indicated by 

the "Upper Limit" curve, the actual cost shows no such tendency. Some 

of the larger capacity schools are actually the costliest on a per student 

basis. Two schools of the same capacity have shown a difference in unit 

cost of as much as 50%. 
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4 G ENERAL COMMENTS AND RECOMMENDATIONS - Elementary Schools (cont'd) 

In the light of these facts, it is recommended that efforts be made 

to keep the total area of schools within the recognized area. 

extra cost in some cases can be attributed in part to the extra space built. 

These factors should be emphasized as a part of the efforts to keep costs 

below the budget figures outlined. In the case of elementary schools the 

high unit construction cost is the major factor which brought the per stud- 

ent cost above the "Upper Limit" curve. As a result the larger schools 

have proved more costly than the smaller ones, it should have been the 

reverse. Graph 4 (page 138) also indicates clearly that if schools were 

planned and designed to remain within the recognized area, and below 

the maximum budget, there would be savings in the initial cost of 

construction by building larger capacity schools. 

Since the larger capacity schools included in the Study did not ex- 

ceed 540 students, it is impossible to determine at this time where the 

advantages of increased capacity become negligible in terms of initial 

investments. 

It is not the intention of this report to recommend any capacity of 

schoo! because it is fully understood that the initial cost is only one 

factor in determining the desirable capacity. Other factors also influence 
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_ GENERAL COMMENTS AND RECOMMENDATIONS - Elementar Schools (cont'd) 

the economics of a school plant such as transportation, operation and ad- 

ministration costs. All those economic factors are also weighed 

against the pedagogical and sociological requirements which are of prime 

importance in the case of education. 

It should be noted that the research team commissioned by the 

Human Resources Research Council in its report given in Appendix "B", 

mentions that schoo! administrators are of the opinion that an elementary 

school of 500 students represents a desirable size and should also be a 

maximum. 

4.4.2 Junior High Schools 

Graph 5 (page 139) showing the recognized area per student in 

relation with the capacity of schools indicates a very sharp decrease of 

area required per student with the increased capacity. By examining 

Graph 7 (page 141) one realizes that the decision to change the ratio 

of instruction area to non-instruction area from 60/40 to 65/35 was sound. 

It would seem advisable to be more specific in the allocation of 

space in the non-instructional areas. 

The cost per student shows a very sharp decrease with the increased 

capacity of the schools much like the area per student as could be expected. 

[32 
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GENERAL COMMENTS AND RECOMMENDATIONS - Junior High Schools (cont'd) 

It was not possible to determine the Capacity beyond which the decrease 

in cost becomes negligible since the largest school studied had a Capa- 

city of 720 students. The downward trend of the "Upper Limit" curve 

shown on Graph 8 (page 142) does not seem to end at schools of 700 

students capacity and it would be advisable to investigate further this 

aspect. In view of the fact that during the coming years some classrooms 

will be empty alternately in elementary, junior and senior high schools 

due to a drop in the birth rate and because of the ever increasing use of 

high schools by the public for educational and recreational purposes, 

there might well be advantages, if pedagogically and administratively 

acceptable, to group in one building the junior and senior high schools. 

It would have the advantage of giving more flexibility in the use of class- 

rooms and other instructional facilities avoiding, when enrolment drops 

temporarily at the various levels of education, unused facilities. 

m.4.3 Senior High School 

Graph 9 and 10 (pp 143-144) shows the space and The cost per 

student in relation with the capacity of the schools. The results are in- 

conclusive. Efforts by the study group to establish areas and costs per 

student using theoretical schools have also produced inconclusive results. 

[33% 
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4 GENERAL COMMENTS AND RECOMMENDATIONS - Senior High Schools (cont'd) 

The use of a fixed ratio for instruction to non instruction areas becomes 

7 

1 

meaningless because of the services required by the various vocational 

shops and laboratories which vary greatly depending on the curriculum 

of these schools. 

The graph showing the costs per student indicates that while for 

largest junior high schools the actual costs varied between $1,200.00 and 

$1,500.00 per student, the same unit costs at the senior level for larger 

schools varied from $2,100.00 to $2,750.00 per student. 

It is recommended that a further study be made of the requirements 

in facilities and spaces for each of the various subjects taught in 

senior high schools as it will, no doubt, be equally important to determine 

the type of equipment needed. It has been accepted that the facilities 

required at that level of teaching are much more complex and much more 

expensive than that at any other level of education, especially when 

translated on a per student basis. 
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PART V = SUMMARY OF RECOMMENDATIONS 

The order in which the following recommendations are presented is not 

ecessarily the order in which they were given in the text, as the same subject 

often discussed in the various sections of the report. 

;. | RECOMMENDED CONSTRUCTION BUDGET 

The recommended construction budget for the various types of 

schools are as follows: 

Elementary Schools $15.05 per square foot of gross floor area 

Junior High Schools 

Air Conditioned $15.25 per square foot of gross floor area 

Senior High Schools 

Air Conditioned $15.10 per square foot of gross floor area 

The budget figures include: 

-General Conditions 

-Architectural Components 

-Structural Components 

-~Mechanical Components 

-Electrical Components 

-|ntegrated Equipment 

-Contingencies 

140. 
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5.1 RECOMMENDED CONSTRUCTION BUDGET (cont'd) 

Does not include: 

Fees: architects and consultants 

Site development costs 

Cost of land 

- Sales tax credits 

To adjust the budget include architect's fees and deduct sales tax credits 

An additional 25¢ per sq. ft. should be added to the gross construction budget 

figureg. 

(Reference: Part Il1, Section 3.1) 

5.2 PRELIMINARY PLANNING ESTIMATE 

For each school construction project an itemized estimate adapted to 

the particular architectural concept for the various components of the projected 

building should be drawn up by the architects and their consultants and approved 

by the owners. (Reference Part II1, Section 3.1) 

5.3 PRE-TENDER ESTIMATE 

A detailed estimate should be made from the final plans and specifica~. 

tions before tender call. This estimate should be broken down by specialities 

and be similar to a contractor's estimate showing quantities and uni teprices. 

(Reference: Part II1, Section 3.3.1) 

5.4 COST INFORMATION FRCM BUILDERS 

With the tender documents a form should be included which would 

indicate the cost information required from the builders. This information should 

146. 
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COST INFORMATION FROM BUILDERS (cont'd) 

be submitted by the bidders with their tenders. 

(Reference: Parttll, Section 3.3.2) 

. YEARLY ADJUSTMENT OF BUDGET 

Since some factors influencing the cost of school construction are 

outside the control of School Boards and school designers, it is recommended 

that the maximum budget be adjusted yearly to account for the effects of these 

factors. This could be done by adopting much the same method used in the research 

project. For each new school the various elements would be analysed and if 

necessary corrected to conform to the norm schoo!. The average of these adjusted 

costs could be used for re-adjusting the budget if needed. 

The detailed estimates and the information obtained from the builders 

would facilitate this operation greatly. 

(Reference: Part I11, Section 3.3) 

CAPACITY OF ELEMENTARY SCHOOLS 

Though the cost per student for elementary schools does not decrease as 

rapidly with the increased capacity as it is the case for junior high schools, it 

would still be advantageous costwise to keep the capacity of these schools as 

close to the size which is determined to be optimum from the pedagogical. 

(Reference: Part IV, Section 4.1.2 and 4.4.1) 
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INTEGRATION IN THE SAME BUILDING-JUNIOR AND 
SENIOR HIGH SCHOOL 

A number of junior and senior high schools appear to be similar in 

function. Some consideration should be given to the implications of combining 

these schools, to determine if the apparent Saving due to a large plant is offset 

by other factors. 

(Reference: Part IV, Section 4.4,2) 

PLANNING COORDINATION 

There would be much to be gained both from a cost point of view and 

performance of buildings by exercising a more efficient planning coordination 

control of school construction projects by the Department of Education. 

AIR CONDITIONING 

All new schools should be designed to include air conditioning both from 

the point of view of cost and comfort. The savings that such planning offers 

more than compensates for the extra cost of the cooling equipment and other 

extra equipment required. 

(Reference: Part I|, Section 2.3) 

COMMUNICATION SYSTEMS 

It would appear desirable for School Boards and the Province to give some 

considerable thought to the type of communication systems being installed in 
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QO COMMUNICATION SYSTEMS (Cont'd) 

schools. 

Considerable technological change is taking place in this area, and 

particularly in consideration of the trend to audio-visual aids compatibility of 

these systems throughout the Province will likely prove necessary. 

Insofar as these developments are taking place at a rapid. rate, close 

coordination with the agencies who will be responsible for transmission and 

utilization should be maintained so as to avoid installation of potentially re- 

dundant equipment. 

(Reference: Part ||, Section 2.4.5) 

11 POWER TRANSFORMATION 

Generally, primary switchgear and transformers should be supplied and 

installed by the Power Company since this increased capital expenditure when 

incorporated as part of the school .cost, cannot be justified in relationship to 

the savings that accrue through purchasing power on a primary basis. 

The location of the electrical room is important to facilitate this and 

should be considered during the early design stage. 

(Reference: Part IV, Section 4.5.10) 

12 RECOMMENDED STUDIES | 

Subject to review and updating, it was considered, in the technical 

149, 
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or 2 

12 RECOMMENDED STUDIES (cont'd) 

proposal presented originally by the Consultants, that the terms of reference 

further study would include the following subjects: 

-Modular construction, flexibility and new techniques of construction. 

-Use of standard products and bulk purchasing, 

-Basic standards recommended for new school construction. 

-Feasibility of renovating existing facilities to accommodate new teaching 

methods and programs (subject to budget permitting). 

-The evaluation in terms of cost and planning of the detail findings from 

the continuing pedagogical study. 

-Additions 

-Upgrading 

-Stagebuilding 

Findings from this study pointed out specific items which should be studied 

in depth. 

.12.1 Architectural 

-Space requirements for both instructional and non-instruction areas in 

elementary, junior and senior vocational high schools. 

-Review and updating of the Alberta School Construction Handbook. 

-Establishment of a method of analysis of plans and specifications and of 

the tabulation of information in order to yield the maximum valuable 

statistics. 

-Assessment of the various materials commonly used in school 

construction. 
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2 RECOMMENDED STUDIES (cont'd) 

for initial cost as against durability and maintenance. 

-Analysis of acoustical problems. 

-Analysis of the optimum economical sizes for schools. 

eai2.2 Electrical 

-Evaluation of the adequacy and profitability of the following systems 

against educational needs. 

i) Sound Systems 

ii) Clocks 

iii) Active requirements for future ETV systems 

iv) Stage Lighting 

5.12.3 Mechanical 

-Rooftop systems in regard to serviceability and life expectancy. 

-Maintenance procedures for mechanical systems. 

-Mechanical rooms space requirements. 

-Profitability of some mechanical systems components. 

Dl's 
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#S INCLUDED IN THE DETAILED BUDGET 

ch item of the detailed budget shall include the fol lowing: 

nero | Conditions 

Pa) overhead 

b) profit 

5) contingencies 

d) site administration 

etc. 

0 f in 

roof fill 

roof insulation 

vapor barrier 

membranes 

f lashings 

skylights & 

etc. 

_ Interior Walls and Interior Finishes 

a) concrete blocks and masonry 

b) plastering and drywal| 

&) ceramic tile and terrazo 

ceilina finishes 

lt of 6 
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floor finishes 

painting and decorating 

all carpentry 

finish hardware and rough hardware 

folding doors and mobile partitions 

doors and frames 

toilet partitions 

etc. 

Extertor Walls 

a) 

b) 

c) 

d) 

e) - 

f) 

g) 

h) 

i) 

j) 

K) 

windows 

facing (brick, curtain walls, etc.) 

insulation 

concrete blocks or bricks 

‘vapor™barrfer 

lintels sills, stools 

expansion joints 

exterior doors 

interior finish of exterior walls 

fascias, eaves, soffits 

etc. 

2 of 6 
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Foundations 

a) 

b) 

c) 

d) 

e) 

f) 

q) 

h) 

i) 

jp) 

kK) 

building excavation 

backfill (20 feet from building) 

formwork 

concrete (including finishing and curing) 

Rock base, sand fill and waterproofing membrance under slab 

rough arading 

normal piling 

drain tiles 

structural framing and concrete slab over crawl spaces 

insulation and waterproofing of foundaticn walls 

etc. 

Superstructure 

a) 

b) 

G) 

d) 

e) 

f) 

q) 

formwork 

concrete (including finishing and curing) 

reinforcing steel 

structural precast concrete 

concrete topping 

structural steel 

miscellaneous steel 

3207-6 
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glue laminated wood beams 

structural framing lumber 

p wood sheating (structural diaphragm) 

k) hybrid wood-steel trusses 

1) etc. 

Plumbing 

a) storm and sanitary sewer systems 

b) drains and pumps 

co) hot and cold water piping 

d) hot water tanks 

e) pipe insulation 

#) fire protection 

q) gas systems 

h) comoressed air systems 

i) plumbing fixtures 

j) etc. 

Heating 

a) boilers and burners 

b) oi! tanks 

cy pipina, pumps, tanks and accessories in boiler room 

A Of 6 
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jp 

k) 

smoke breeching 

water treatment systems for boilers 

controls 

circulating pumps 

heat exchangers 

piping and heating units 

insulation 

etc. 

Ventilation 

a) air distribution system 

b) fans 

c) ducts 

d) duct insulation 

e) mixing boxes 

f) diffusers 

q) special ventilation equipment 

h) air conditionina equipment if applicable 

Electrical 

a) service curply and transformation 

b) lighting 

5S or 6 
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distribution systems 

emergency system and generator 

fire alarm system 

clocks and communication system 

etc. 
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FACULTY OF EDUCATION / DEPARTMENT OF EDUCATIONAL ADMINISTRATION 

October 30, 1969 

MroiGilles Gebastien, P. Eng. 
Project Manager 

Reid, Crowther & Partners Limited 

ViOyblackfoot:: Trail 5. Bs 
Calgary, Alberta 

Dear Mr. Sebastien: 

The research team engaged by the Alberta Human Resources Research 

Council is primarily concerned with the contribution which school buildings 

and facilities can make towards the achievement of educational goals. In 

a very broad sense the overall goal of education in an industrialized 

society is the fullest development of all its human resources. This broad 

goal may be restated in terms of three major purposes of public education: 

1. The provision of appropriate educational opportunities for all 

members of the school age group. 

2. The provision of compensatory education for those members of 

the age group who are limited by personal, cultural, or 

social class characteristics. 

3. Preparation for, and the opportunity to pursue, life-long 

learning activities. 

In the attached chart (see Appendix A) these three major objectives 

are listed in column one under the heading "Pupils". In the same column 

the chart proceeds to list some of the related educational concepts and the 

current or emerging practices which are associated with these general 

objectives. The major implications of these practices for school buildings 

are then indicated in terms of the type of facilities required and the 

criteria which should be applied to them. The major criteria are adequacy, 

suitability, adaptability, and accessibility. 

In the second column of the chart general objectives are stated 

as they relate to the professional staff followed, in turn, by related 

concepts and practices which give rise to certain facility requirements. 

The third column, following the same procedure, outlines the needs of the 

administrative group, and the fourth column, those of the community. 
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Page 2 

Mr. Gilles Sebastien 

This chart represents an initial attempt to establish a conceptual 
framework within which existing school facilities may be viewed and 
evaluated. As the research team proceeds with its study for the Human 
Resources Council it will continue to revise and refine this typology. 
However, for the purpose of assessing the particular list of schools 
with which your consultants are concerned, it has provided the basic 
frame of reference. 

The research team visited some fifteen elementary, junior, and 
senior high schools located in Calgary and Edmonton. A tour of the 
school plant was made with the principal, or his assistant, and discussions 
were held with any staff members who were available. Emphasis was placed 
upon the functionality of the buildings in terms of the particular educa- 
tional purposes and programs with which the staff members were concerned, 

Schools at the high and low ends of the cost scale were paired 

for comparative purposes. An attempt was made to arrive at some subjec-— 
tive estimate of the significance of cost in terms of the functionality 
of the school plant. In general, it may be stated that cost did not 
appear to be the most significant factor. In some instances the more 
aesthetically pleasing buildings were somewhat higher in cost than those 

with lesser aesthetic appeal. In other instances, higher cost interior 
finishes were actually dysfunctional in terms of the needs of students and 

teachers. In some schools an improved quality of flooring appeared to 

add to the functionality of the building for elementary school purposes. 
In other instances, however, a less expensive type of flooring might have 
more adequately met the requirements of high traffic areas. Perhaps the 
most important single feature of the plant, in terms of its suitability 

for the educational program, was its general layout; the size and shape 

of the various space requirements, and the relationships among them. 

In the general discussion which follows, elementary and secondary 

schools are treated separately. No attempt is made to identify parti- 

cular schools or particular school systems. 

ELEMENTARY SCHOOLS 

School Size 

There would seem to be some general agreement among school adminis— 

trators that the maximum desirable size of an elementary school is in the 

neighborhood of 500 pupils. Usually the school principal feels that he 

would like to be able to identify most of the pupils in his school before 

they reach the sixth grade. An elementary school of the proposed size pro- 

vides sufficient pupils at each grade level to allow for the organizational 

requirements of a continuous progress or non-graded approach to pupil 

samy fe 
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organization, At the same time it provides for sufficient staff 
resources to allow for some degree of specialization. An elementary 
school of some 500 enrolment justifies sufficient expenditures on 
library and audio-visual materials to provide adequate resources for 
the current elementary school program, 

From the point of view of the educational program, the criteria 
for school size would include (1) adequacy in terms of organizational 
patterns, (2) adequacy in terms of efficient use of material resources, 
and (3) adequacy in terms of effective use of professional resources. 

Aesthetic Features 

Given that one of the educational objectives of the elementary 
school is to develop the aesthetic capacities of the students, some 
attention must be paid to the aesthetic qualities of the environment 
within which their learning takes place. What is considered as aesthetic 
from an architectural point of view, and what is aesthetic from the 
standpoint of an elementary pupil, however, may not be necessarily one 
and the same thing. For example, a textured concrete wall may be con- 
sidered aesthetic by an architect, whereas a wall covered with the 
children's own creative work may be considered much more aesthetic from 
an educational point of view. Interior finishes which provide suitable 
backgrounds for well-planned displays of the childrerfs work would 
appear to be more aesthetically desirable in elementary schools than 

textured concrete or brick and stone finishes which do not permit such 

displays. 

The criteria for determining the aesthetic features of elementary 
schools should include (1) the quality of their appeal to children of 
elementary school age (2) the extent to which they contribute to a 
stimulating learning environment. 

Entrance Halls 

Entrance halls need to be inviting in appearance and sufficiently 

large to handle the traffic at peak periods. Their location in relation 

to street and playground facilities, and to major instructional areas 

within the school, need to be carefully considered. In several instances, 

entrance halls were found to be very inadequate in size, poorly located 

in relation to playground use, and with certain safety hazards in the 

outside staircases leading to them. 

In terms of community use of school facilities the main entrance 

hall should be planned to give as direct access as possible to such areas 

as the gymnasium, the stage, the cafeteria and restroom facilities. For 

security reasons, it should be possible to close off the rest of the 

school from the areas leased to cormunity groups. As community use of 

schools expands it may be desirable to think of having two or three class— 

pete my te 
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rooms adjacent to the community use area for the formal instruction 
of adult classes. In general, the schools visited have a satisfac- 
tory layout for current community purposes. However, being new 
schools, considerable expansion of community activities might be 
anticipated to occur in the near future. Most elementary schools did 
not have kitchen facilities which would be adequate for even limited 
community use. 

Suitable criteria for entrance hall requirements would include 
(1) adequacy in terms of peak traffic requirements, (2) accessibility 
to administrative offices and community use facilities, and (3) suita- 
bility as a reception area. 

Building Levels and Traffic Areas 

From a functional point of view, split-levels would not appear 
to be desirable in the elementary schools. Such levels create problems 
not only in the flow of pupils but also in the movement of equipment 

from one part of the school to another. There would appear to be no 
serious disadvantages to a two-storey plan. A service elevator should 

be provided, however, for the movement of supplies and equipment and 
for occasional use by handicapped students or staff. If the major 
resource center is to be located on the lower floor of a two-storey 

structure, adequate access should be provided to it from the second 
storey, and, in addition, a supplementary reading or materials center 

might also prove useful on the second floor. It is likely that the 

primary grades would be located on the upper level and the senior 

elementary grades on the lower floor where they would have immediate 

access to the resources center. 

There seems to be general agreement among the school personnel 

interviewed that the halls, or other traffic areas, are suitable and 

adequate for the schools! requirements. However, in elementary schools 

a more satisfactory solution needs to be found to the coats and rubber 

problem. The use of open areas does away with the traditional cloak- 

rooms and no satisfactory alternative arrangement seems to have been 

found. 

In planning elementary school buildings more attention might be 

given to the location of storage areas, particularly in relation to two- 

storey structures. This should take into account their accessibility 

from delivery entrances and from major instructional centers. In new 

buildings consideration might also be given to arrangements for the 

temporary addition of such mobile.units as book mobiles, museums, etc. 

The organizational pattern of the school and the location of the 

major resource centers, are the important considerations when buildings 

of more than one level are planned. 

cn 275 
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Open Areas 

The trend towards open area schools seems to be facilitating those 
educational practices which encourage independent study on the part of 
students and the full utilization of staff resources. Of the schools 
visited most open areas were either square or rectangular in shape. In 
view of the way in which classes are grouped for instruction, the question 
might be asked as to whether this is the most efficient and functional 
spacial pattern. In general, the areas were very attractive in appearance 

having relatively high ceilings, adequate lighting and satisfactory 
acoustical treatment. A good quality of cushioned carpeting is desirable, 
not only for its wear and acoustical qualities but also because elementary 

children very often carry out individual assignments or hold group dis- 

cussions seated on the floor. Carpeting may not be necessary, however, 

in the adjacent high traffic areas. 

Many open area classes use portable dividers in the form of either 

blackboards or "cupboards". It was found that teachers tend to remove 

these as they gain experience with the open area approach to instruction. 

All open areas are planned with a central library resource center. 

The ready accessibility of the library to all instructional areas has 

resulted in a much greater use of its resources. It thereby contributes 
to individual and group learning activities and promotes improved instruc-— 

tional practices. Librarians generally feel the need for a work area of 

their own which is not too readily accessible to students. Such an area 

might be located on a raised platform in the center of the library. The 

platform would not only provide some degree of separation from the pupil- 

use areas but would also provide a vantage point for library supervision. 

In one of the schools visited a raised central area provided a pleasant 

and well-used space for quiet individual reading. 

Closely associated with the library resource center are the audio-— 

visual resources and the individual learning stations. The open area 

approach to instruction seems to greatly encourage the use of audio- 

visual aids. Convenient storage and viewing facilities for these aids 

need to be provided in the school plan. Electrical circuits have not al- 

ways been planned to meet the increased audio-visual requirements. 

The nature and use of individual study carrels varies from school 

to school and seems to be dependent to some extent on the resources 

available as well as the interests of the staff. There were positive 

indications, however, that individual study carrels have a great potential 

in relation to independent learning in the elementary school. They need 

to be strategically located between the open classroom areas and the 

library resource center, thus enabling them to be supervised by the class 

teachers or by the librarian. 
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Classroom Space 

Although the open area plan has gained considerable support 
from the teaching staff in the schools visited, there seems to be 
general agreement that the need existed for what one system called 
back-up rooms. In some cases, such rooms are regular classrooms in 
design, others have special features. Back-up rooms serve many pur- 
poses among which are the following (1) seminar areas for group 
discussions, (2) project rooms where materials may be spread out and 
left from one period to the next, (3) art rooms having special plumbing 
and storage facilities and large work areas, (4) science rooms with 
laboratory tables, storage for laboratory materials, and display areas, 
and (5) viewing rooms for sound films which might disturb classes in 
the open areas. 

It is a question as to whether these back-up rooms need to 
be entirely separated from the large open areas or whether they could 
be planned as extensions off them. There is also the question as to 

whether they should be large enough to accommodate a whole class at 

one time or only a smaller group. The answers to these questions 
would depend upon their particular use, therefore the installation 

of folding doors might provide the necessary flexibility. 

The type of wall treatment in classroom areas is important in 

the elementary schools. Teachers at this level cannot have too much 

display area, therefore rough or hard finishes are unsuitable for their 
purposes. In a number of the standard-type classrooms which were 
visited the teachers indicated that the shelving and storage facilities 

were entirely inadequate. (In planning such details teacher participa- 

tion would be most valuable.) Complaints were also registered at the 

limited blackboard space available. Although considerable use is being 
made of overhead projectors, teachers like to have sufficient black— 

board space for their instructional needs. In the primary grades they 

should be suitably placed to enable students to work at them. If 

classrooms are to be used for science activities, suitable plumbing 

facilities need to be provided and an outdoor light source is required 

for plant science activities. 

Music Rooms 

At the elementary level, it is doubtful whether the music pro- 

gram requires the elaborate music room facilities found in junior 

and senior high schools. Many elementary schools, however, have 

special fine arts rooms which are particularly suited to music classes. 

The most successful of these are carpeted areas planned on several levels 

either in a square or U shape. The levels provide risers for formal 

choral or instrumental work, seating for other forms of instruction, and 
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multi-level staging for creative activities. In addition, the carpeting 
adds to the acoustic qualities of the room. Although chairs are not 
required, Some storage facilities are necessary for song books, sheet 
music, records, tapes, instruments, and audio-visual equipment, 

If one side of such a room were to adjoin the auditorium stage 
rehearsals would be greatly facilitated and the room could serve as a 
change room during school programs. 

Gymnasium 

For the average elementary school of fifteen to eighteen rooms , 
a gymnasium square in shape, permitting two volleyball courts across 
the width of the room, would allow for maximum utilization of space. 
A narrower gymnasium limits its effectiveness for inter-mural games 
and class activities. The provision of a larger gymnasium with an 
operable wall dividing it into two separate gyms seems to create acoustic 
problems. The need for change and shower facilities in elementary 
schools is a question which instructors in physical education are now 
raising. 

It has been common practice to use the gymnasium in an elementary 

school as its auditorium. In general, this has proved satisfactory 

though the acoustic problem has not always been adequately solved. In 

order to avoid the necessity of setting up chairs it is customary to 

have pupils seated on the gymnasium floor during school assemblies. With 

this in mind, the stage level should be designed at a suitable height. 

The provision of a fore-stage in front of the proscenium arch, with 
permanent carpeted risers leading up to it, might meet the stage require- 
ments for many informal, and some formal occasions. The risers and the 
fore-stage would be suitable for massing school choirs, or small instru- 
mental ensembles. This arrangement would prevent the loss of volume from 

young voices which often occurs when groups are massed behind the 
proscenium arch. The risers would provide ready access to the stage 
and at the same time could serve as viewing stands for gymnasium activities. 

As presently designed, stages in elementary schools are generally 

under-utilized and not as functional as they might be. If folding doors, 

having good acoustic qualities, could separate the stage from the auditorium 

the space could be utilized for some instructional and project purposes. 

If, as suggested earlier, one side of the stage could be opened into the 

music room or into a fine arts room, greater utilization of the stage area 

might be ensured. 

If classes of students are to be moved on and off the stage during 

performances, it is important that two exits be provided in order to 

expedite the flow of traffic and ensure safety. One exit might lead to 

a fine arts or project room and the other into a hall with conveniently 

located washrooms. 

Mies o 
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Administrative Areas 

The administrative areas seem to be adequately provided with offices 
for staff and conference purposes. In several schools, however, the 
need was felt for a general work area for the clerical staff. Space 
adjacent to the general office is required for duplicating facilities 
and for the assembly of materials to be distributed to instructors. 

The trend toward team teaching, which is being encouraged by open 
area plans, is necessitating the provision of adequate planning space 
for the teaching teams. Perhaps several smaller planning areas, 
accommodating three or four teachers, would be preferable to the pro- 

vision of one large work room. These areas should be adjacent to that 
section of the open area in which the teachers are working. The school's 

library resource center should also be readily accessible to these 
planning centers. It seems undesirable to have teacher work areas as 

open extensions to staff rooms. The different purposes of each may pre- 
vent the adequate functioning of either. A work space separated from 
the staff room by a folding wall would enable either the work room or 

the staff room to be extended for special occasions. 

In order that the administrative staff may work with teachers 
in their planning activities, a staff conference room is required. For 

convenience this should be adjacent to the administrative offices where 

pupil files are readily accessible. In addition to its use for staff 

planning such conference areas would be available for meetings with 
parent or community groups. A small room for counselling or testing 

purposes and for parent--teacher interviews might also be provided. 

SECONDARY SCHOOLS 

An analysis of the component features of "expensive" and "economy" 

schools does not lend itself very readily to generalizations which could 

be translated into degrees of adequacy. For that purpose, some sort of 

scaling procedure is required. However, as a general proposition, it 

can be stated that the selected high schools are characterized by a fair 

amount of conservatism, and the traditional core areas in curriculum 

appeared to reflect this conservatism. Some of the emerging trends in 

pupil organization and instruction were not as apparent in secondary 

schools as in the elementary. 

It is suggested that in the general planning procedure, perhaps 

more emphasis might be placed on social and psychological aspects with 

some toning down of the academic dimension. For example, architectural 

arrangements which promote and foster esprit, loyalty, and strengthened 

eye 
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social relationships might be encouraged. At the secondary level of 
schooling aesthetic considerations have a considerable role to play. 
The aesthetic treatment of the school, both on the interior and the 
exterior, can add considerably to its attractiveness as a learning 
environment. The use of color in halls and locker rooms in some of the 
schools visited indicates the potential of this inexpensive form of 
aesthetic treatment. 

As a general proposition there is a need for (1) spacial variety, 
to accommodate growing trends toward independent study, differential 
rates of progress, etc. (2) flexibility, inasmuch as it relates to the 
convertibility of designated spaces in day-to-day operations as well as 
in its long-range aspects, plusthe provision for expansion (3) variety 

in the general structure. There is a persisting limitation in the 
general preference for the rectangular classroom. The only variation 
in some cases is a change from a teaching station along the short wall 

to one on the long wall. Wedge-shaped rooms appear to be quite promising 
in improving sight-lines and making increased flexibility possible by 

combining one area with another for large-group instruction. 

Spacial Pattern 

The philosophy of comprehensive secondary education implies broad 

programs and large enrolments to justify them. As pupil enrolments rise 
to the two thousand figure two major problems develop: those of identity 

and integration. There is the ever-present danger in large schools that 

individual pupils and teachers, and even classes and departments may lose 

their identity. At the same time there is the problem of integrating the 
varied activities, courses and programs in such a way as to produce a 

unified whole which can be called a secondary school. School design can 

help to alleviate these problems if spacial planning takes them into 

consideration. 

Social Science Cluster 

While some authorities suggest that classrooms and laboratories 

should be clustered according to subject, others contend that this 

promotes duplication of services and creates insular groups of staff 

and students. To promote a better mix perhaps it is in order to pivot 

the classroom arrangement around the service requirements. 

In the schools visited the library was found to be the center 

of the major cluster which included social studies and English class-— 

rooms. In the more effective situations the library resembled the 

resource center in the open area elementary schools by having sliding 

glass partitions which opened up its resources to the classrooms 

around it. 

Reg Ae LC 
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The core of the library is an office and work area for the 
librarinn. In one of the more desirable plans provisions had also 
been made for the storage and servicing of audio-visual equipment. 
Individual study carrels will form an increasing part of the library 
center as instructional practices encouraging independent study are 
extended. tn planning the library as the central focus of the social 
science complex the cluster of rooms associated with it should include 
conference areas for small group discussions and the preparation of 
group reports. Such conference areas could also be used for audio- 
visual purposes, either by groups or individuals. 

Physical Science Cluster 

It is conceivable that other cluster arrangements around service 
centers might be planned for secondary schools. No schools visited, 

for example, had a physical science cluster. Yet this practice is 
not uncommon in American schools. The heart of such a cluster could 
be an independent research center which would contain appropriate 

laboratory and library facilities. Associated with it could be a 
materials storage center and a planning and work room for the instruc- 

tional staff. 

The present practice of including laboratory tables in class-— 

rooms limits their use for independent study purposes to unscheduled 

periods. In some schools visited, storage and preparation areas were 

inconveniently located in relation to the students! laboratory facili- 

ties. 

Other cluster areas could be planned in the fields of mathe- 

matics and foreign languages where the central resource center for 

the cluster would combine specialized library facilities with carrels 

for student use and a conference and planning area for staff. The 

design should include ready access to the resource center from the 

instructional area. Glass panels might simplify supervisory problems. 

Fine Arts.Cluster 

The fine arts cluster, in a large secondary school, would be 

focused around the auditorium facilities. In addition to its use for 

fine arts classes, however, the auditorium may often be used for large 

group instructional purposes, and school assemblies. It is also an 

area which might receive considerable ccmmunity use. The more effec- 

tive secondary school plans enable the stage to be used as an exten- 

sion of the music room and also locates it adjacent to an art or project 

room. Very fine music room facilities were found in all of the schools 

visited. If the schools were to go on modular scheduling and to en- 

courage independent study more practice room facilities might be desirable 

where instrumental programs are being developed. 
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For drama classes, a supplementary stage which could be an 
extension of the auditorium stage, has proved useful for instruc- 
tional purposes. An operable acoustical wall between the stage and 
the auditorium would make it more readily accessible for rehearsals 
and instructional purposes to all fine arts departments. The halls 
around the fine arts cluster could be designed as galleries for art 
displays. 

Vocational Cluster 

Well—equipped shops were found in all of the secondary schools, 
Perhaps a bridge between the vocational and academic areas might 
be established by reating a technical resource center which would 
have an appeal to students in both academic and vocational programs, 
It is possible that vocational counselling services could be associa- 
ted with this center. 

Administrative Area 

Adequate provision seems to have been made for the administra- 

tive requirements of the large secondary schools. In designing the 

spacial arrangements of these facilities it seems desirable to have 

an access to the counselling area, which is separate from that to the 
administrative area. The two, however, need to be back to back in 

order that the files will be available to both services. 

Perhaps too little attention is being paid in secondary school 

planning to student needs for suitable places to carry on informal 
study and discussion activities. The cafeteria is often made avail- 
able for this purpose when not in use for lunch purposes. However, 

the formal seating plan in most cafeterias would have to be modified 

in order to meet the requirements of informal student activities. 

A school designed on a cluster plan could include some infornal 

meeting area as a component of each cluster, thus helping to bring 

together students with common interests. 

Facilities for the receiving of equipment and supplies have been 

adequately planned in most of the large schools. An unloading bay with 

ascreened receiving area adjacent to it enables supplies to be tempor- 

arily stored until they can be directed to a more permanent location. A 

service elevator would need to be located near the receiving center. 

CONCLUSION 

The preceding comments summarize the major findings of The Univer- 

sity of Calgary research team based on its investigation of the schools 

designated by the Department of Education. The suggestions which have 
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been included will be checked out and refined further as our team's 
own research project goes forward, We trust, however, that some of 

the comments will prove useful to you and to the Department in 
arriving at your own conclusions. 

The sketches in Appendix B and C suggest some of the spacial 

arrangements which might meet the criteria of flexibility and 

accessibility. 

Sincerely yours, 

a Jere cheal 
Wm. Dushenski 

A. dae kt roudroot 
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